
ob)

UNITED STATES DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

A computer program to calculate 

the resistivity and induced polarization response

for a three-dimensional body 

in the presence of buried electrodes

by

Jeffrey J. Daniels

Open-File Report 77-=-] 53 

1976

(Poor Copy better copy 
not available)

This report i^ preliminary and has not been edited or 
reviewed for conformity with U.S. Geological Survey 

standards and nomenclature.



A computer program to calculate 

the resistivity and induced polarization response

for a three-dimensional body 

in the presence of buried electrodes

by Jeffrey J. Daniels 

U.S. Geological Survey, Denver, Colorado 80225

Abstract

Three-dimensional induced polarization and resistivity modeling 

for buried electrode configurations can be achieved by adapting 

surface integral techniques for surface electrode configurations to 

buried electrodes. Modification of.the surface technique is 

accomplished by considering the additional mathematical terms required 

to express-the changes in the electrical potential and geometry caused 

by placing the source and receiver electrodes below the surface.

This report presents a listing of a computer program to calculate 

the resistivity and induced polarization response from a 

three-dimensional body for buried electrode configurations. The 

program is designed to calculate the response for the following 

electrode configurations: (1) hole-to-surface array with a buried 

bipole source and a surface bipole receiver, (2) hole-to-surface array 

with a buried pole source and a surface bipole receiver, (3) hole-to-hole 

array with a buried, fixed pole source and.a moving bipole receiver, 

(4) surface-to-hole array with a fixed pole source on the surface and

a moving bipole receiver in the borehole, (5) hole-to-hole array with
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a buried, fixed bipole source and a buried, moving bipole receiver, 

(6) hole-to-hole array with a buried, moving bipole source and a 

buried, moving bipole receiver, and (7) single-hole, buried 

bipole-bipole array. Input and output examples are given for each of 

the arrays.

Introduction

A computer program was developed to calculate the theoretical 

apparent resistivity and apparent polarizability response for 

electrodes buried beneath the earth 1 s surface in the presence of an 

arbitrarily shaped three-dimensional body. The program generates the 

response for three-dimensional ellipsoids of revolution for the 

following electrode configurations: (1) hole-to-surface with a buried 

bipole source and surface bipole receiver, (2) hole-to-surface with a 

buried pole source and a surface bipole receiver, (3) hole-to-hole 

array with a buried, fixed pole source and a moving bipole receiver, 

(4) surface-to-hole array with a fixed pole source on the surface and 

a moving bipole receiver in the borehole, (5) hole-to-hole array with 

a buried, fixed bipole source and buried, moving bipole receiver,

(6) hole-to-hole array with a buried, moving bipole receiver, and

(7) single-hole, buried bipole-bipole array. These arrays are ; 

illustrated in fig. 1 (AR1-AR7), and input and output examples for

these are given in appendix A. The computer program is a modification
f 

of Barnett's (1972) three-dimensional IP modeling method for surface
-> 

configurations to buried electrode configurations.
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Hole-to-hole measurements are made by placing a current source 

pole or bipole in a borehole and a pole or bipole potential receiver 

in an adjacent borehole. The potential difference caused by the source 

is measured at discrete points in the receiver borehole. The source 

can be held at a stationary position (fixed source) for all of the 

potential measurements or the source can be moved when each potential 

measurement is made (moving source). A recent publication by Scott, et 

al. (1975) shows an application of hole-to-hole resistivity, induced 

polarization, and seismic measurements.

Hole-to-surface measurements are made by placing a pole or bipole 

source down a borehole and making surface bipole measurements radially 

away from the source hole. Theoretical studies of surface potentials 

due to inhole current sources have been described by Merkel (1971), 

Merkel and Alexander (1971), and Snyder and Merkel (1973).

Wide-spaced single-hole arrays use a pole or bipole borehole 

source and a pole or bipole potential receiver in the same borehole. 

Several different source-receiver spacings can be used making a set of 

measurements similar to those made with a conventional surface 

dipole-dipole array. These measurements require only one borehole and ' 

can be made with a wireline device.

Theory

Figure 2 shows the combination of electrodes used .in this study. 

The surface of the three-dimensional body is indicated by the letter 

"C", whereas the surface of the body's image in the upper halfspace is
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designated by the symbol "CV All depth and distance used are 

normalized by the receiver-bipole spacing "a". A bipole is a finitely 

spaced electrode pair. The following is a brief outline of the theory. 

A more complete outline is given in appendix B and in papers by Barnett 

(1972) and Daniels (1977).

For a conventional "bipole-bipole" surface configuration, where 

either the source and(or) the receiver is on the surface, the equation 

for apparent resistivity is

'" RAM RAN.

where R^, RM> R^, and R^ are the respective distances between 

electrodes A, M, N, and B; U^ is the electrical potential at point M;

U is the electrical potential at point N; and I is the electric 
N
current. When both the source and receiver are buried, the apparent 

resistivity formula becomes _ .__

Air
I + U + 'I '   'I j" "I" ~

., , . , , . ,, , , , d d . d d dd dd . d d dd dddd

Barnett has shown that the expression for apparent polarizability can 

be expressed in a convenient computational form as
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where n is the apparent polarizability, n 0 is the polarizability of a . 2.

the body, n, is the polarizability of the surrounding medium,

P 2 ~ P!
K =       = resistivity reflection coefficient, p is the apparent 

P a

resistivity, p_ is the resistivity of the body, and p. is the

resistivity of the surrounding medium.   x 100 is the same as B« (%) 

presented by Snyder and Merkel (1973).

The expression for the potential UM at a point M due to a
 t JL j d
a

current source at A, has been written by Barnett (1972) as
d

d

where o and a1^ represent the equivalent surface charge density

a, a, 
distributions at points p and p on the body, C, and its image, C, and

RA vr > RV M > R ̂  » an-d RX* are the distances shown in fig. 2. TheAaV Vd pMa pMd

computational form for this equation is

^^.
AM RAM i=l d X** ,ii, /\-i-j a. A
a a da

(5)

where the surface of the body is divided into N triangular facets and

S.(A,) and H.(H,) are the source and receiver response contributions 
id id

from each individual body-facet (Barnett, 1972). If the current source



is at A^, and a current sink is at B , the potential difference

between points M, and N, becomes 
d d

D =!i! l_L_ A _i_ Li-' i    ' -i
**«  «

.d d d d

The derivative of the potential difference with respect to the 

resistivity reflection coefficient is

N

where T.(A ) =        (Barrett, 1972). Substituting equations (6)
1 u dJs.

and (7) into equations (2) and (3) respectively, the final computational 

form for the apparent resistivity normalized with respect to p is

VT        -   * . - - -   .^ , _ ...,

i 11 1 1 "-I  

. . . H <,do dd dd dd d d   . d d dd dd

/
(8)

and the computational expression for apparent pplarizability is

n., '_!_ .'__!_  ' "'*   '"' 1 ' '"-1   ' '" - t '" ,",'; \P

' V, ' %«, " V. " "S.M, -W V, Vd ^d dd dd dd dd dd dd .dd dd

(9) -.-



A more complete development is given in appendix B.

Explanation of the Computer Program

The computer program which generates the three-dimensional body 

and calculates the response for the various arrays was developed on a 

Digital Equipment Corporation (DEC) PDP-10 computer.  The program 

outlined in fig. 3 is written in FORTRAN IV. The input and the output 

device is disk (input disk is specified as logical unit 13, output disk 

is logical unit 14), which is specified in "COMMON" and can be easily 

changed.

An ellipsoid of revolution, with 72 facets, is generated by the 

program when the x, y, and z half-width (a, b, and C) of the body are 

specified. The response for an arbitrarily shaped body may be 

calculated by eliminating the call to SUBROUTINE BODY3D and changing 

SUBROUTINE READ3D.

Input and output examples for the seven different arrays are 

given in appendix A. The sphere model used for these examples is 

shown in fig. 4. A listing of the computer program is given in 

appendix C. Computation time for one set of measurements is 

approximately 1 minute of CPU time on the PDP-10.

Since this is a one-of-a-kind computer program, it is impossible 

to absolutely verify the results. However, I have made a rough check 

with Snyder T s and Merkel T s (1973) hole-to-surface idealized sphere 

model. /

  The use of brand names in this report is for descriptive purposes 
only and in no way constitutes endorsement by the U.S. Geological Survey,
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Appendix A 

Input-output examples
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OUTPUT DATA

3-DIMENSIONAL IP AND RESISTIVITY MODELLING PROGRAM 

DATE! 24-JUN-76 TIME! 10:28 PAGE!

INPUT CONTROL PARAMETERSj

KVALU 
DEPTH 
EXECU

-0,30000 
-2.50

DESCRIPTION OF,MODEL: AR=1 HOLE TO SURFACE
BIPQLE SOURCE

Z-CQORDIHATE (X,^-COORDINATES IN PAIRS   <

TOP -0,5000000 
CONTOUR 1 -0.2500000

 0,2886751 0.32274B6 -0.4330127
 0,1443376 -0.4082483 0.0000000 
0,2836751 -0,3227496 0,4330127 
CONTOUR 2 0,0000000

<
.0,5000000 0,0000000' -0,3333333 
0,0000000 -0,5000000 0.1666667' 
0,5000000 0,0000000 0,3333333 
CONTOUR 3 0,2500000

i
.0,2886751 -0.3227486 -0.1443376 
0.1443376 *0.4082483 0.2&P6751 
O.,288675i 0,3227486 0,1443376 
BOTTOM ' 0,5000000

0,0000000
0,2386751
O.OQCOOOO 
0,0000000

-0,4330127 
0,0000000 

0,1666667
-0,1666667
-0,3726780
-0,4714045 
0,3726780 

0,0000000
-0,2886751
-0,4032483
-0.3227486 
0,40*42483 
0.0000000

0,0000000
0.3227486
0,4330127
-0,2886751 
0.1443376

0,4714045 
0,4714045 '
-0,16666*7 
0,3333333

0,4330127 .
0,3227486   

0.0000000 
0,4330127

0.0000000

0,1443376 "0.4082483
-0,1443376 0,4032483
-0.32274S6
-0,4082483

0,0000000 0,5000000
-0,3333333 0,3726780
-0,4714045
-0,3726780

-0,1443376 0,40824^3
-0,4330127 0,0000000
-0,4330127 
0,0000000

15



3-DIMENSIQNAL IP AND RESISTIVITY MODELLING PROGRAM 

DATE* 24-JUN-76 TIME! 10528

DESCRIPTION OF MODEL I AR=1 HOLE TO SURFACE 
BIPOLE SOURCE

REFLECTION COEFF, K s-0,30000 
DEPTH = 2,50

_ *********#-******* *****#**#***#
BURIED BIPOLE SOURCE,SURFACEB1POLE RECEIVER 

************* **#*******#***#* 

UPPER SOURCE? 2,000 
LOWER SOURCES 3,000 
X-SOURCE= -2,000 

0,000

Y-PROFILEs

X-RECEIVER 
POSITION

-10,500
w-1 0,000.
-9,500
.9,000
.8,500
-8,000
-7,500
~7,OO.Q
-6,500
»6, 000
-5,500
-5,000
-4,500
-4,000
-3,500
-3,000
-2,500
-2,000
-1,500
-1,000
-0,500
0,000
0,500
1,000
1,500
2,000
2,500
3,000

,
e
»
,
 
,
 
t
*
 
 
f
 
 
t
 
t
<
,
8

f

,

,

t

,

,

c

,

0,000

APPARENT 
RESISTIVITY

f 9986Q8E+OG
t .99fi6&3E4-00
.996720E+00
,993778E+00
,998837E+00
t 9yftd97E+00 -
.998957E+00

f 999127E+OQ 
.999173E+00 
.999207E+00 
.999220E+00 
t 999!93E*00 
.999078E+00 
.998726E+00 
,9973986^00 
.170141E+39

.100213E+01 
,100109Et01

,9946fl3E+00

APPARENT 
PQLAKIZABILITY

.219814S-02 

.210880E-02 

.201754S-02 

.192456E.0.2 
t 1830?9E»02 
.173512K-02

.154581E-02
,14.5493£«02 
.137024E1-02

.124240E-02 

.122253G-02

, 1994B1E.02 
, 4076^62-02

.170120E-02 
,859055H:»03 
,450470e:«02 
,835363c:-02 
,113208E«01 
.129559F-C1

16



3,500 ,99l964F;tOO ,126930E-01
4,000 ,9924302+00 .113558E-01
4,500 ,992871KtOO f li255SE-Oi
5,000 .9933QOE+00 .1057595-01
5,500 .9936946+00 ,995339E«02
6,000 ,99404BE*00 .939359E-02
6,500 .994365E+00 .889414E-02
7,000 ,994647EfOO .844951E-02
7,500 ,9948995^00 .905345E-02
8,OCO ,995125E-t-00 ,769987E>02

17



HOLE-TO-HOLE 

BURIED, FIXED POLE SOURCE 

BURIED, MOVING BIPOLE RECEIVER

INPUT DATA

ARs3 HOLE TO HOLE FIXED SOURCE POLE 
3,
-P.3,1.5
2, ,0,0,0,5,10.
-2,,0,0,2. 
15,- f 5, ,5

18



OUTPUT DATA

3-DIMENSlONAIi IP AND RESISTIVITY MODELLING PROGRAM 

DATE* 24-JUM-76 TIME: 11123 PAGE?

INPUT CONTROL PARAMETERS?

KVALU 
OEPTH 
EXECU

-0.30000 
1.50

DESCRIPTION' OF-MODEM AR = 3 HOLE TO HOLE
FIXED SOURCE POLE

Z-COQRDI.NATE CX*Y)»COORDINATSS IN PAIRS

TOP 
CONTOUR 1

-0,2886751
-0,1443376 
0,2886751 
CONTOUR 2

-0,5000000 
0,0000000 
0,5000000
CONTOUR 3

.0,2886751 
0,1443376 
0.28P6731 
BOTTOM

-0,5000000
-0,2500000

0,3227486 -0,4330127
 0,40*2483 0,0000000
 0.3227486 G.A33G127 

0,0000000
i

0,0000000 -0,3333333
 0,5000000 0,1666667
0,0000000 0,3333333

0,2500000
I

 0,3227486 -0,1443376
 0,4082483 0,2836751
0.3227486 0,1443376

0,5000000

0,0000000
0,2886751
0,0000000
0,0000000

-0,4330127 
0,0000000 

0,1666667 
«0,1666667
-0,3726780
-0,4714045 
0,3726780 

0,0000000
-0,2886751
-0.4032483
-0,3227486 
0,4082483 
0,0000000

0,0000000
0,32274*6 0,1443376 0,4032433
0,4330127 -0,1443376 0.4082483
-0.2^86751. -0,3227486 
0,1443376 -0,4032483

0,4714045 0,0000000 0,5000000 
0,4714045 -0,3333333 0,3726780
-0,1666667 -0,4714045 
0,3333333 -0,3726780

0,4330127 -0.1443376 0.40824H3 
0,3227486 -0,4330127 0,0000000

0,0000000 -0,4330127
0,4330127 0,0000000

o.oog-oooo

19



3-OIMEWSIQNAL IP AND RESISTIVITY MODELLING PROGRAM 

DATE* 24-JUK-76 TIME! 11128

DESCRIPTION' OF MODEM ARs3 HOLE TO HOLE 
FIXED SOURCE POLE

REFLECTION COEFF, 
DEPTH a 1,50

K =-0.30000

****************************** 
BURIED POLE SOURCE, BURIED BIPOLERECEIVEK 
*****************************

UPPER SQURC£= 0,000 
SOURCE= 2.000

-2,000 
Y-SUURCE= 0.000

X-RECEIVERs 
Y»RECEIVEK=

RECEIVER 
DEPTH

1.000
1,500
2,000
2,500
3,000
3,500
4,000
4,500
5,000
5,500
6,000
6,500
7,000

\ 7,500
'8.000
8,500
9,000
9,500

2,000
0,000

APPARENT APPARENT
RESISTIVITY POLARILABILITY

.983036E+00

, 1 02068 Et 01 
.102042E+01 
,1015392401 
, 101041 E + 01 
.100689E+01
. 100465E4-01 
, 100 3 252 + 01 
.100236E+01 
.100S7BE+C1 
.100139E+01

, 100091E+01 
,10007bEt01

.192324E-Q1
 t lS4555E-01
 .322144E-01
 .3181C1E-Q1
 ,240850r>01 
..163&74E-01 
., 108710E*01 
^7360945-02
  ,5150W7E-02
 .373968E-02
 ,282628^-02 
'.220694E-02 
',176749E-02 
>, 144S96E-02 
..12H51E-02
 .103006r;-02

,1000552+01 
,10004«E+01 *,775617e:«03

20



HOLE-TO-HOLE

BURIED, FIXED BIPOLE SOURCE 

BURIED, MOVING BIPOLE RECEIVER

INPUT DATA

R=5 HQLE-TG-HULE FIXED SOURCE
5.
 0,3,1.5
2.,0,0,,25,U,
  2.,0,0,2.,3, 
15,,5/ f 5

21



OUTPUT DATA

3-DIM5N5IONAL IP AND RESISTIVITY MODELLING PROGRAM

DATE: 24-ju.\T «76 TIMES 12105 PAGE:

INPUT CONTROL. PARAMETERS:

KVALU 
DEPTH 
EXECU

-0,30000 
1,50

DESCRIPTION OF MODEL; H=5 HOLE-TO-HQLE
FIXED SOURCE

Z-COORDIfUTE CX,¥).COORDINATES IN PAIRS

TOP . -0,5000000 
CONTOUR i  0.2500000

 0.2B86751 0,3227486 -0,4330127 
.0,1443376 .0.4082483 0,0000000 
0.2B86751 -0,3227486 0,4330127 
CONTOUR 2 0,0000000

I
 0,5000000 0,0000000 -0,3333333 
0,0000000 -0,5000000 O r 1666*>67 
0,5000000 0,0000000 0.33333-33 
CONTOUR 3 0,2500000

 0.28«675i .0.3227486 -0,1443376
0,1443376 .0,4082483 0,2896751
0,2886751 0,3227486 0,1443376
BOTTOM 0,5000000

0,0000000
0.2886751
0,0000000
0,0000000

-0,4330127 
0,0000000 

0,1666667
-0.1666667
-0,3726730
-0,4714045 
0,3726780 

0,0000000
-0,2886751 
«0,40<*24R3
-0,3227486
0.40824*3 
0,0000000

0,0000000 
0.3227486 
0,4330127 -
-0.2S86751 
0,1443376

0,4714045 
0,4714045  
-0,1666667 
0,3333333

0,4330127 .
0,3227486 < 

0,0000000 
0,4330127

0,0000000

0.1443376 Of 4082483
-0,1443376 0,4062483
-0,3227486
-0,4082483

0,0000000
-0,3333333
-0,4714045
-0,3726730

0,5000000
0,3726780

'0,1443376 0,4082483 
'0,433012? 0,0000000 
-0,4330127 
0,0000000
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3-DIMENSIONAL IP AND RESISTIVITY .MODELLING PROGRAM 

DATE! 24-JUtf-76 TIM£i 12106

DESCRIPTION OF MODELf R=5 HOLE-TO-HQLE
FIXED SOURCE

REFLECTION CQEFF, K =-0,30000 
DEPTH = 1,50

BURIED 6IPOLS FIXED SOijRCE, EURISDBIPOLE RECEIVER 
************************** ***

UPPER SOURCES 2.000 
LOWER SOURCE^ 3,000 
X-SQURCts -2.000 
y-SOURCEs 0,000

2,000
0,000Y-RECEIVSRs

RECEIVER APPARENT APPARENT
DEPTH RESISTIVITY POLARIZABILITY

0,750
1,000
1,250
1,500
1.750
2,000
2,250
2,500
2,750
a,ooo
3,250
3,500

.3,750
4,000
4,250
4,500
4,750
5,000
5,250
5,500
5.750
6,000
6,250
6,500
6,750
7,000
7,250

.978771E+00 
,983506E+QO 
,989042^+00 
.994320E+OQ 
,1Q0023E+01 
.1QQ475S+01 
,1008112+01 
, 1010302401 
.101152E+01
.101206E+01 
,101220^+01

,1012202^01

.101364E+01 

.lOlSHEi-Ol 

.!Ol763Et01 
,1022175^01 
.103193E+01 
,106326E*01 
,593944E-01

.973251E+00 

.982209E+00

.341950E-01 

.2634122-01

,7907912-02
-,729730H!-03
-.7872S4S-02
-.131193E.01

-.1S3671E-01
-.191650E-01
-, 1-93646E-01
-,193361E-01
-.193458E-01
-.196034S-01
-.203079E-01 
».2163l9F:-Oi
-,239403^-01
-,2790275-01
-,349734^-01

,2587S1E+02 
,906410E-01 
,44662BF:-01 
,294908E«01 
,220189E-01 
f 176170E-01
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7.500
7.750
8,000
8.250
8.500
8.750
9.000
9.250
9.500
9.750

10.000
10.250
10.500
10.750
11.000
11.250

.991082E+00 

.99230SE+00

.994423F4.00

.995199E+00 

.9954P7E+00 

.995727E+00 
,995*3295+00 
,9961025*00 
.996250E400 
.996377E400 
.OOOOOOE4-00 
.OOOOOOE4-00 
.OOOOOOE+00

.147413S«01 

.127329E-01 

.U2611E-01 

.101441E-01 

.927308E-02 

.B57914E-02

.755420E-02 

.716952E-02 

.684643S-02 

.657294E-02 

.6339S2E-02 

.614011E-02 

.QOOQOOE+00 

.OOOOOOEtOO 

.OOOOOOE-l-CO
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HOLE-TO-HOLE

BURIED, MOVING BIPOLE SOURCE 

BURIED, MOVING BIPOLE RECEIVER

INPUT DATA

:=6 HOtE-TQ-HULE MOVING SOURCE

2 t ,0,0,0.25,11, 
*2 t ,0.0
15 1   5 1 t.5
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OUTPUT DATA

3-DIMEN5IONAI* IP AND RESISTIVITY KGDSLljING 

DATE* 24-JIJN-76 TIME? 12314 PAGE;

INPUT CONTROL PARAMETERSt

KVALU 
DEPTH 
EXECU

iO,30000 
1.50

DESCRIPTION OF H AR=6 HOLK-TO-HOLE 
MOVING SOURCE

(X,Y)-COORDINATES. V1 PAIRS

CONTOUR i

.0,2^86751

.0,1443376
0.288.6751
CONTOUR 2

 0,5000000 
0,0000000 
0,5000000 
COtfTOUR 3

,0.2-88n75l 
0,1443376 
0.2986751
80TTQ-M

-0,5000000 
"0,2500000

0,3227486 -0,4330127 
.0,4082483 0.0000000 
»0,32274S6 0,4330127 

0,0000000
(

0,0000000 -0,3333333
-0, 5000000 0,1666667 
0,0000000 0,3333333 

0,2500000
i

-n. 3227486 -0,1443376 
.0,4062483 0,2886751 
0.3227*86 0,1443376 

0,5000000

0,0000000
0.2886751
0,0000000
0,0000000

-0.4330127 
0,0000000 

0, 1666667
- 0, 1666667
-0.3726780
-0,4714045 
0.3726760 

0,0000000
-0,2886751
-0.40B24H3
-0,3227485

0,4Q82'tS3 
0.0000000

0.0000000
0 3227436 0.1443376 0,4032483 
0.4330127 -0.1443376 0.40S2483 
.0,2*86751 -0,3227486 
0,1443376 -0,40^2483 ;

0.47H045 
0,471^045
-0.1666667 

0,3333-333

0.4330127 .
0.3227486 ' 

0,000.0000 
0,4330127

0,0000000

0,0000000 0,5000000 
'0.3333333 0,3726780
-0,4714045
-0,3726780 .

- 0.1443376 0.4082483
-0,4330127 0.0000000
-0,4330127 
0.0000000
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3-DIMENSIONAL IP AND RESISTIVITY MODELLING PROGRAM 

DATE! 24-JUN-76 TiMEl 12:14

DESCRIPTION OF ^UDELj AR=6 HOLE-TO-HOLE
MOVING SOUKCE

REFLECTION CQ5FF, K s-0,30000 
DEPTH = 1,50

**##** #* # * ## * #** * * * * ** ** ##**#-*
BURIED 5IPOI»E MOVING SOURCE,BURIED BIPOLEftECEIVER

Y-SUUKCEs

X-RECEIVERa 
Y-RECEIVERs

2.000
0.000

RECEIVER APPARENT APPARENT
DEPTH RESISTIVITY POLARIZABILITY

0.750
1,000
1,250
1,500
1,750
2,000
2.250
2,500
2.750
3,000
3,250
3,500
3,750
4,000
4,250
4,500
4,750
5,000
5,250
5,500
5,750
6,000
6,250
6,500
6,750
7,000
7,250
7,500
7,750

t

»
 
*
 
 
 
«

 

1

*

t
*
 
t

*
*
1
 

*

 
1

 
*
t
 
 

«
_ t

.981031E+00 
f 977376E+00 
,9762482+00

.986924K+00 
,9965362+00
i00509E+01 
1010305+01 
101183E+01 
101076E+01 
100H53E+01 
lOOHSE+Ol 
100422E+01 
100277E+01 

.100178E+01 
i00112E+01 
100069E+01 
1000435+01 
100026E+01 
100016S+01 
10001 OS+01

f 100003E+01 
100002E+01 
100001E+01 
1000005*01 
100000E+01

t 999999e.+ 00 
*?9'-*y 8E + 00

,3014915-01

,381801^-01

,2056675. 01 
,503984E«02

,lb5037F:-01 
.187483E-01 
.169747K-01 
,134282E«01 
.972554E-02

, 43505 IE-02 
, 277940E-02

.107910E-02 

.6599095-03 

.400701K-03 

.240227R-03 
, 141944E-03 
.R27301E-04

.234697E-04 
,102049E*04 
,2479bO?:-05 
, J y5553R«Ob 
,41*30702-05^
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8,000 ,99999«E+00 ,5485C6F>05
8,250 ,9999982+00 .538617E-05
8,500 ,99?9Q8£+QQ ,506644E-05
8,750 ,99999HE400 .464168E-05
9,000 ,999998KtOO .'U8133S-05
9,250 .99999SE+00 ,372468^-05
9,500 ,999998t:400 .329306E-05
9,750 ,999999&:tOO ,289674^-05
10,000 ,999999^400 ,2539715-05
10,250 .999999E+00 ,222248^-05
10,500 t 999999E + 00 ,194278F:«05
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SINGLE HOLE 

MOVING B1POLE SOURCE 

MOVING BIPOLE RECEIVER

INPUT DATA

AR = 7 SINGLE-HOLE N =

7.
-0.3,3.5
-2.,0,0,.5,10. 
3
- 5*.5/ ,5
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OUTPUT DATA

3-DIHEfcSIONAJ* IP AND RESISTIVITY MODELLING PROGRAM 

DATE1 24-JUN-76 TIME! 12J27 PAGE:

INPUT CONTROL PARAMETERS I

KVALLJ 
DEPTH 
EXECU

-0.30000 
3,50

DESCRIPTION OF MODEL! AR = 7 SINGLE-HOLE N=3

Z-CQQRDIHATE (X,Y)-CQORDIf«ATE:s IM PAIRS

TOP 
COfJTUuP. i

-0,2886751 
.0,1443376

CONTOUR 2

»0, 5000000 
0,0000000 
0,5000000 
CONTOUR 3

-0,2886751 
0,1443376 
0.28*6751 
BOTTOM

 0,5000000
-0,2500000

0,32274*6 -0.4330127
.0,4032483 0.0000000
,0,3227496 0,4330127

0,0000000
i

0,0000000 -0,3333333
.0,5000000 0,1666667
0.0000-000 0.3333333

0.2500000
*

.0,3227486 -0,1443376
rO,AOS24R3 0,2886751
0,3227486 0,1443376

0,5000000

0.0000000
0,2886751
0.0000000
0.0000000

-0,4330127 
0.0000000 

0.1666667
- 0.1666667
-0,3726780 
«0,-47 14045 
0.3-7267*0 

0,0000000
- 0.2886751
-0,4082483
-0,32274*6 
0,4082483 
0,0000000

0,0000000
0.3227486 0.1443376 0.4082483
0,4330127 -0,1443376 0,4082483
-0.2*86751 -0.3227486 
0,1443376 -0,4082483

0.4714045 0,0000000 0.5000000 
0,4714045 -0,3333333 0.3726780
-0,1666667 -0,4714045 
Q.,3333333 -0,3726780

0.4330127 -0,1443376 0.4082483 
0,322,7466 -0,4330127 0,0000000

0.0000000 -0,4330127
0,4330127 0,0000000

0,0000000
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3-DIMEN5IONAL IP AND RESISTIVITY MODELLING PROGRAM 

DATE* 24-JUN-76 TIME: 12121

DESCRIPTION OF MODEL: AR=7 SINGLE-HOLE M=3

REFLECTION* CQEFF, K =-0.30000 
DEPTH = 3,50

*************** »#**###*.*# *##*#*
' SINGLE HQL£,B T pCLE-BlPQL£ 
****** #***# * #** ** ****#* *****#

X-POSITIQN OF HOLE= «2,000 
Y-PUSITIQH OF HOLEa 0,000

RECEIVER APPARENT APPARENT
DEPTH RESISTIVITY POLARIZABILITY

.99717QE+00

3,000
3.500
4,000
4,500
5,000
5,500
6,000
6,500
7,000
7,500
O g \J \J \f g « v -' .* w v    I ^> «^

8,500 .100037E+01

.999683E+00 
,100016E^01 
.100028E+01
.100023E+01

,462375E*02

.445965E-02 

.4011915-02 
,3100145-02 
,l7a9iOH>02 
.533146E-03 
, 21^523^-03

.371253E-03 

.9019992-03
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HOLE-TO-SURFACE

BURIED POLE SOURCE

SURFACE BIPOLE RECEIVER

INPUT DATA

L AR=2 HOLE-TO-SURFACE SOURCE POLE
2,
-0,3,1,5 
0.0,0.5,20,
-2,,0,0,2,5 
.51. 5 * « 5
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OUTPUT DATA

3-DIMENSIO&AL IP AND RESISTIVITY MODELLING PROGRAM

DATE? 24-JUN-76 TIME; ic?36 PAGE?

INPUT CONTROL PARAMETERSJ

KVALU 
DEPTH 
EXECU

-0,30000 
1,50

DESCRIPTION OF MODEL! AR=2 KOLE-TQ-SURFACE
SOURCE POLS

Z-COORDi;iATE (X,Y)-CQORDT.NATES IN PAIRS

TOP -0.5000000 
CONTOUR i -0,2500000

.0.2886751 0.3227486 ~0,4330J27 

.0,1443376 .0,40324*3 0.0000000 
0,2886751 -0.3227486 0.4330127 
CONTOUR 2 0,0000000

.0,5000000 0,0000000 -0.3333333 
0,0000000 »0.5000000 0.1666667 
0.5000000 0,0000000 0,3333333 
CUI.TQUR 3 0,2500000

i
 0.2886751 -0,3227486 -0,144337* 
0.1443376 -0,4082483 0,2866751 
0.2-886751 0,3227486 0,1443376
.BOTTOM 0,5000000

0,0000000
0,2886751
0,0000000
0.0000000

-0.4330127 
0,0000000 

0,1666667
-0,1666667
-0,3726780
-O f 4714045 
0.37257SO 

0,0000000
-0.2866751
-0.4082483
-0.322T486 
0.40B24S3 
0,0000000

0,0000000 
0,3227486 
0,4330127 
-0.28B6751 
0.1443376

0.4714Q45
0.47U045 

"»0, 1^66667 
0,3333333

0,4.330"127 , 
0,3227486 - 

0,0000000 
0.4330127

0,0000000

0,1443376 0,4082483
-0,1443376 0,4082483
-0,3227486
-0,4082483

0,0000000 ; 0,5000000
-0,3333333 0,3726780
-0,4714045
-0,3726780

-0,1443376 0,4082483
-0,4330127 0.0000000
-0,4330127 
0,0000000
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3-DIMENSIONAL IP AND RESISTIVITY MODELLING PROGRAM 

DATE! 24-JUN-76 TIMEl 10136

DESCRIPTION OF MODEL? R = 2 HOLE-TO-SURFACE 
SOURCE POLE

REFLECTION' COEFF, K s-0,30000 
DEPTH s 1,50

****##*******#**##**## ******#* 
BURIED POLE SOURCE,SURFACEBIPDLE
#******#**#**#*#*#*#*****+**#

UPPER SOURCES 0,000 
LOWER SOUKCEs 2,500 
X-SOURCE* -2.000 
Y-SQURCEs 0,000

RECEIVER

Y-PROFILE=

X-RECEIVER 
POSITION

0,000

APPARENT 
RESISTIVITY

-10,500
-10,000
.9,500
-9,000
.8,500
.8,000
-7,500
.7,000
.6,500
-6, 000
-5; 500
.5,000
.4,500
-4,000
.3,500
.3,000
-2,500
-2,000
-1,500
-1,000
-0,500
0,000
0,500
1,000
1,500
2,000
2,500
3,000

.999472E+00
,9994552+00
,999437E+00
,999417E+00
,999395^+00
,9993712+00
.999344E+00
,999312£+no
,999275^+00
,99<»22fiE + 00
,9?9167£+00
,999()62S + 00
.998955E+00
,998743E+00
.998354.E + 00
,99752tE+00
f 9950Q3E+00
,17014iE+39
,10^026E+01
,992922EtOO
,985694£+no
,9^4036?: + 00
.991Sl7EtOO
.100140E+01
, l00668Et01
, 100775E + 01
, 10071 OE + 01
,100608E+01

APPARENT 
POLAR I Z ABILITY

.845910E-03 

.872770E-03 

.90J742E-03 

.933225E-0.3 
,967 7 6 8?;. 03 
,100616E-02 
.104957E-02

,1159705-02 
.123408F1-02 
,133123E»02 
, 146668C-02 
.167017F.02 
, 200904K-02

,397423^-02 
.805302E.Q2 
.100000E+01 
,637920?:. 03 
.111229K-01 
,2292002-01 
.257«35F;-01

-,207615E»02
-.104186E-01
- t 121l72E:-01

-,95^312^-02
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3,500 t i00514E+Ot -,fl06429E-G2
4,000 ,100434£+OX - . 6H1&31K-C2
4.500 .100371E+01 -,5H2415E-02
5.000 .100320E+01 -.503712E-02
5.500 ,1002eOE+01 -.440573E-02
6,000 ,100248E;^01 -.339492E-02
6.500 .100221E + 01 -, 347673E:-02
7.000 .100199^^01 -,313029?.-02
7 t 500 .lOOlSlE-fOl -.284000E-02
8,000 ,1001652 + 01 -, 259418E-02
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SURFACE-TO-HOLE

SURFACE, FIXED POLE SOURCE

BURIED, MOVING BIPOLE RECEIVER

INPUT DATA

AR=4 SuRFACE-TO-HQliEFlXED SURFACE SOUPCE MOVING BURIED RECEIVER
4,
-0.3,2,5
2.,0.0,.5,10.
-2,,0, f 0.
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OUTPUT DATA

3»DIMENSIONAL IP AND RESISTIVITY MODELLING PROGRAM

DATE: 24-JUN-76 TIME: 1U36 PAGE:

INPUT CONTROL PARAMETERS:

KVALU 
DEPTH 
EXECU

-0,30000 
2,50

DESCRIPTION OF MODEL? AR=4 SURFACS-TO-HOLE 
FIXED SURFACE SOURCE
MOVING BURIED 

RECEIVER

Z-COGPDINATE (X,Y)-COQRDINATES IN' PAIRS

TOP -0,5000000 
CONTOUR i -0.2500000

.0,2386751 0.3227486 -0,4330127 

.0,1443376 -0,4082483 0.0000000 
0.2886751 -0,3227486 0,4330127 
CONTOUR 2 0,0000000

 0,5000000 0,0000000 -0,3333333 
0,0000000 -0,5000000 0,1666667 
0,5000000 0,0000000 0,3333333 
CONTOUR 3 0,2500000

.0,2^86751 -0,3227486 -0,1443376 
0,1443376 «0.4082483 0,2B8b75l 
0,2686751 0,3227486 0,1443376 
BOTTOM 0,5000000

0,0000000
0,2886751
0,0000000
0,0000000

-0,4330127 
0,0000000 

0, 1666667
-0,1666667
-0,3726780
-0,4714015 
0.3726790 

0,0000000
-0,2386751

-0.3227486 
0.40824S3 
0,0000000

0,0000000
0.3227436
0,4330127
-0.2*86751 
0,1443376

0,4714045 
0.4714045 i
-0,1666667 
0,3333333

0.4-33-0127 .
0.3227486 ' 

0,0000000 
0,4330127

0.0000000

0,1443376 0,4082483 
'0,1443376 0,4092433
-0,3227486
-0,4022483

O.OOOOQOO 0,5000000 
«0,3333333 0,3726760
-0.4714045 
»0,372b780

-0,1443376 0,4032483
-0,4330127 0,0000000
-0.433f0127 
0,0000000

37



3-DIMENSIONAL IP AND RESISTIVITY MODELLING PROGRAM 

DATE: 24-JUN-76 TIME? 11136

DESCRIPTION OF MGDELf AR=4 SURFACE-TO*HOLE 
FIXED SURFACE SOURCE
MOVING BURIED 

RECEIVER

REFLECTION COEFF, K =-0,30000 
DEPTH s 2,50

******** ***** #***** *********** 
" SUPFACK PULE SOURCE,JURIED BIpOLE RECEIVER 
*.>**##*#*#*#*,********-***##***

X»SOUHCE= -2,000 
0,000

2,000
0,000

RECEIVER A^PAREwT APPARENT
DEPTH RESISTIVITY POLARIZABILITY

1,000
1,500
2,000
2,500
3,000
3,500
4,000
4,500
5,000
5,500
6,000
6,500
7,000
7,500
8,000
8,500
9,000
9,500

,983445^^00 .265014E-01 
,320888E-01

,979539EtOO 
.985392E+00 ,2323SOE»01 

.639179E-02 
..800211E.02
- f 148110E-01
-,l574b2E;.01 
., 140628E-01
-, 117716E-01
- f 962915E-02 

,10Q506£+01 «,78302nE-02
-.642914E-02

.100507E+01 

.10G950E+Q1 
,1010145^01 
,100906E^01 
.100760E+01

.100347E+01 

.100292E+01 
,100243E+01 
f 1002!3S+01

-.448972E-02

.326444E-02 

.282392E-02
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Appendix B 

Development of theoretical expressions
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Using image theory and applying the following boundary conditions

(1) there is no vertical current flow at the air-earth 

interface,

(2) the potential must be continuous across regions of 

different conductivity,

(3) the normal component of current flow must be continuous 

across regions of different conductivity,

and (4) in the vicinity of the current electrode the expression 

for the potential must converge to the expression for 

a point source in a homogenous half-space.

The expression for the potential, UM , given by Barnett (1972) can be

modified for a buried point, M,, due to a buried point source at A

and can be written as

P 1X / 1 i V A >
Q \ A.M. A,rlj / 

.. . \QU do./ V'r u     ~ C v

 " '- " "" " (Bl) '

where a and G^ represent the* fictitious surface charge density

distributions for the body, C, and its image, C, and R. , R'V ,

R ... , and Rv, are the- distances shown in fig. 2. The problem ofpM, pM.. ° - r 
d d

solving equation (7) is to solve for the fictitious charge densities 

and then to perform the necessary integrations over C and C.

The expression for a at a point Q on C is solved by applying 

boundary conditions (2) and (3). Boundary condition (2) can be 

satisfied by considering the potential at points 0, and Q ? on opposite
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sides of the boundary. Then for a wholespace, the "potential at points 

Q and Q2 can be expressed as

dC , , (B2)

cPl

and

dC ,
(B3)

As Q and CU approach one another, U j = Un |, and the second
Q l Q Q2 Q

boundary condition is satisfied. Applying the third boundary condition,

9ffQ,
=   . , we obtain the expression

C. P 2

,-*Q

!l~ + i- fa f^ 
An ^ j P V p ,+Q

(B4)

~dx2 . . * p N V^' 2
. . '   t>

It is not obvious that the expressions on the left and right hand 

sides of the equal sign are equal. In fact, the integrals are improper 

when p->0. It can be shown (Barnett, 1972, p. 54) that these integrals 

can be solved so that

C at Q . (B5)
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11and
. .lim
i Q2-^

p=q ^ Cat v, . .,. . : ./ ...... (B6)

Utilizing this singularity, the boundary condition in the limit can 

be expressed as

. \ ' ' r  - 
-Uf^

V/ Ja / <* r«t

Kp,l
p a v   - ' (B7)

C 1

P 2 ~ p l 
where K =       , and C f is the whole surface of the body excluding

P 2 + P 1 

that element at point 0.

Applying image theory, the expressions for the halfspace can be 

written as:   .

1 \ + 3 / 1 +

(B8)

i f f 
\   \ I

3 / 1 \ ,« . / - 3
3 v

C

and

assuming that a^ = a .

42



The problem at this point is to solve the integral expressions in

equations (B8) and (B9) for the charge density distribution, a . The
a P 

charge density can be expressed as S =  ~ > so that equations (B8)

and (B9) become

; "2£s  
; K-. Q )a

(BIO)

e 3 / 1 \ , r . f - "3 / '1 \ d?<
p^fe) /- p "^(^)

_:  -  .: . . ^
and

^S_i_ + _j_ + r»
* ^j^j AJ^VI ^j

(Bll)'

The unknown function S is approximated by a set of N discrete

functions, so that

,
S ^ I S.Q..

P 3-1 3 J (B12)

The functions S. are called the "expansion functions" or "basis
J ' * *

functions" while a. are constants to be determined (Harrington, 1968).
J

In order to put equation (BIO) in terms of point p rather than 

point Q, the singularity condition (equations (B4), (B5), and (B6)) is 

applied to equation (BIO) and the basis functions expressed in
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equation (B12), so that

3
a v

and

Pi1

R,

N r / 1 \
£ S / a. I ^   )
«i 3 3 \ pM /

dC

where

(B13)

dcf

(B14)

dC (B15)

\. 
as p-H} and Qi^Q and Q«~KJ.

The surface C can be divided into triangular subareas over which 

the source density is assumed to be constant. The constants for the 

basis functions can be expressed as follows:

a. = 1 over subarea C., 
J 3

= 0 over C., where i ^ j.
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Using this approximation and equations (B4), (B5), (B6), (B12), 

and (B15) we find that b., = 1. Substituting this into equation (B12), 

equations (B13) and (B14) can be put in matrix form by letting

_ r7 .c'

2ir .
/1T> d «      0

GBii K i

Gly - -

.a

dC ,

(B16)

(B17)

(B18)

(B19)

and
dC ,

(B20)

(B21)

Using these equations, the matrix form for equations (B13) and (B14)

becomes:

and

(B22)

£ S E. (B23)
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In order to calculate the apparent polarizability the equation,

3UM, P.I N   38, 
_d ̂  I T __i M . (B24}

: . TK~~ 47"*^ 3K :L . ' '"

needs to be calculated, Defining

A 3S. A GB..S. _ A _i , _ A 11 i T. = -rr- and D. =  -   , 
i 3K i K

we can write

j«i ^^ " ^ . (B25)

and

.,
1 oil- 2 T H ' (B26> 

3K <ff i i "

The problem of mathematically modeling the resistivity and IP 

response at a buried receiver pair (M, and N,) due to a buried current 

source (A, and B,) in the presence of a three-dimensional body (C) 

reduces to the problem of solving equations (B22), (B23), (B25), and 

(B26) for the proper source-receiver combinations.

A6



Appendix C 

Program listing
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C  TP3DDH   INDUCED POLARIZATION (3-OIMENSIONAL) -- 7/23/74,
C
C--FILESI
C
C .««,.....,»«» .....-, PROGRAM IP3DDH .---....»«»...»..-«-
C' 
C 
C THIS PROGRAM COMPUTES DOWNHOLE AND SURFACE PROFILES OF NORMALIZED

C RFSISTIVITY (PQ/ P\) A?>D NORMALIZED APPARENT POLARIZA3ILITY
C (/7Q -/?j)/c/?2-/7p ACfcPSB Aft ARBITRARILY SHAPED THREE-DIMENSIONAL
C BODY, OF KESISXIVJTY P*£ AMD PULARIZ.AHILI TY /?2' SET IN A^ OTHeTR.vlSE
C HGhOSEr.EOUS HALF-SPACE HF RESISTIVITY P\ AND PULARIZABILITY ,/7j ,
C THpEfc>DlMEuSlOtfAL (POINT-SOURCE) DOMKuLS ELECTPQDES ARE USED.
C
C
C THE PROGRAM IS WRITTEN IK FORTRA«-IV f AMD WAS DEVELOPED ON A'
C DIGITAL EQUIPMENT CORPORATION MODEL PPP-10 COMPUTER,C  '

C AN ELLIPSOID OF REVOLUTION (»ITH 72 FACETS) IS GENERATED IN
C SUBROUTIJ-4K BOOY3D, ALL THAT IS NESDED TO GENERATE THIS BODY
C ARE THE »A',>&«, AND 'C* (X,Y,&Z) HALF WIDTHS OF THE BODY
C (SEE SUBROUTINE &OQY3P)
C
C
c 
c
C RESULTS ARE OUTPUT ON DISK
C THE FIKST P/\GS OF OUTPUT. PROVIDES ^ RECORD OF THE IHPUT DATA.
C SUBSEQUENT PAGES GIVE APPARENT RESISTIVITY AND
C APPAREin1 POLARIZABILITY VALUES,
C
C
C PROGRAM IP3DDH DOES HOT CONTAIN A PROVISION FOR MULTIPLE BODIES
C
C
C .................................................................
C
c PARAMETER DESCRIPTION5c
C XPD AND YVAL AR£ THE (X A^D Y)RECEIVER POSITIONS
C XUQWN* YDa ;.v,./,ZDQ^N(Xn, YD,ZD) ARE THE SOURCE CO-ORDINATES
C
C TLsTQTAL LENGTH OF SURFACE PROFILE (PROFILE STARTS AT -11,
C RIPQLE UrtllS .FRO'! fCHE BODY CENTER)
C HDsHOLE DtPTH (IN HSCL'iVgR, RiPQLE U?.! lTS)
C PS= SPACING BET^EEw MEASUP^F'ST POINTS (MUST 6S AN INTEGER
C DIVISER OF 1,LESS THA^ OR EQUAL TO 1)
C (TL OR Ho)/ps HUS'C *E LESS THAW 50, IF MORE THAN 50
C DATA POINTS ARE DESIRED* THE DIME^SIOf.-S CAM BE INCREASED
C
C HSPAsM.SPACING FOP SINGLE KHLF BIPQLE-BIPOLE CONFIGURATION
C FOR Nsl THE SPACING hET^EKN THE B SOURCE ELECTRODE A&D TrtE M
C RECEIVER ELECTRODE IS 1, FOR N=2 TME SPACING IS 2* ETC.
C
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C****AKKAY C 0 rlF I G'.IR AT I QMS **********
C
C
C
C
c
c
c
c
c
c
c
c
C'
c
c
c
«u

c
c
c
c
c
c
c
c
c
c
«
V*

c
c
c
c

AKsl.fLUJRlKD BIPDLE SUUKCE, SURFACE BIPQLE RECEIVER
AK=2,, BURIED POLE SOURCE. SURFACE BIPULE RECEIVER
AR=3., BURIED POLE SOURCE, BURIED BIPHLE RECEIVER
ARs4., SURFACE POLE FIXED SOURCE, SURlfiP PIPQLE RECEIVER

AK = b,fBURIL'D aiPOLE FIXED SOUKCK, BURIED BIPOLE RP:CEIVER
AH = 6.,RUHIED BIPOLE MoVIjlG SOURCE* BURIED BIPOLE RECEIVER
AR=7.i SINGLE HOLE CONFIGURATION

ALL READ STATEMENTS ARE IN THFJ MAIN PROGRAM AND SUBROUTINE
~

REQUIRED SUBROUTINES: PEAD3D, IPAG30,
DIRC3D, G83D, GI3D, K3D, F3D,
GAUS10, FX1, FX2,
DECOMp, SOLVE,

NPAG3D, APAY3D, OUTPUT, BODY3D.

DEVICE SPECIFICATIONS}

13 = m INPUT .. CONTROL CARDS WITH PROGRAM PARAMETERS

BODY3D

 
13 a IK2 INPUT - DESCRIPTION OF MODEL, FOLLOWED BY COORDINATES

OF THE VERTICES.
14 =IQUTi,IOUT2,IQUT3

N'OTEj FOR HOLe»TO-SURFACE,SURFACE-TO»riGLE, A^D HOLE-TQ-riOLE ARRAYS
OUTPUT PUINTS A^S AT THE MIDPOINT OF THE RECEIVER fcLKCTRODES , FOR
SlNGLS HOLE A^RAY OUTPUT POINTS ARE AT THE MlDPQln'T eETrt-E&N THE
SQURCfc: AND RECEIVER ELECTRODES( (B-M) /2.)

-

--,. --APRIL 1972 
C
C*#*******MODIFIED FOR HURIED ELEC'TP'ODE 
C JEFF DANIEI/S 
C UiS.GSOLOGICAL SURVEY 
C MAY 1976 
C

LOGICAL CHECK
COMMON /8LOK2/ ^H C 75 ) t YM C 75 ) t ZM ( 75 )
COMMON /BLGK? / FC75)
COMMON /3LOK13/ GB(75,75)

O^ 1 4/ HK ( 5 5 * 7 5 ) r S.S ( 7 5 3 » TT C 7 5 ) * S C 7 5 ) f T ( 7 5 )
K.lS/ G(75,75)

COMMON /BLOK17/ H(75)
COMMON /tSPECS/ IN'1,IM2,IOUT1,IOUT2*IOUT3
COMMON /FA^AM / lARRAYC7),AKVALC7)*nEpTK(7),A«Gi,E(8),YVALC8)»

COMMON /DATIME/ LABRL C 1 ^ ) , JPATtCCS) / T fir^,
CUMMO'J /POLY / NFACriS
COMMON /RESULT/ APRKSC50) f APIP (50) » AR/ Pfi, IR2» NSPAr
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DIMENSION D(75),GBQIAGC75),GtniAGC75),
iXOO^NC B),YOOWNC 8),ZDOWNC 8) , MlC 75)
DATA INI, IN2,IOUT1,IOUT2,IOUT3 /2*13,3*14/

IPLOTsl

c I^PUT THF: CONTROL PARAMETERS

11)LABEL 
10) AR

10) AK VAL CO, DEPTH U)
1.) GO TO 71
2.) GO TO 72
3.)GO TO 73

14

71

72

73

74

75

76

77

78
10

READ( 
RKADC
FOR*: A 
RKADC 
IFCAH 
IFCAR 
IFCAH 
IFCAR 
IFCAR 
IFCAR 
IFCAH 
READC 
READC 
IDHSO 
GO TO 
REAH( 
RSADC 
IDH=0 
GO TO 
REACC 
READC

IN2, 
INi, 
TC3I
I-Ni, 
.£0. 
.EQ. 
tEO. 
.EO. 
tEQ. 
tEQ. 
,EQ, 
IfU, 
INI,

4.)
5.) 
5.) 
7.) 
10) 
10)

GO TO 
GO TO 
GO TO 
GO TO

74
75
76
77

YVALC1'),PS,TL
XDO^NCU, YDOWJ

YVAL(1),PS,TL

XPD,YVALCi),PS,
;i),YDQWiv(

PS, HP

IiU,10) 
IM,10)

78
INI f 10) 
INI,10)

GO TO 78
READ(1N1,10) XPD,YVALC1
READ C IN 1,10) XDOwr-1 CD,
IDH = 1
GO TQ 78
READ(IN 1,10)
READdHl, 10)
IDH=1
GO TO 79
READCIMflO)
READClNl,10)
IDH=i
GO TO 7H
READ(IM,10)
R£ADCI.'U, 14)HS?A
XDOWiMCDsXPD
YDOWN(l)aYVALCn
IDHal

:?-f UE
(7F)

IhPUT CONTROL PARAMETERS

NCl),ZDOvVN(l)

XPD,YVALC1),PS 
XDUwWCD^YDQ-A'N

XPD,Y'/ALCn,?5,HD 
XDUwMCl),YDQ^NCl)

XPD,YV'ALCn,PS,HD

ZDOWN(1) / ZDOWN(2)

.«.. INPUT DESCRIPTION OF MODEL 
11 FORMAT C16A5)

«.-- INPUT COORDINATES PF APICES OF

CALL READ30
50

IF NECESSARY)



c
C .-  OBTAIN TIME & HATE, THEN PKIUT GUT .PAGE 1 
C .... (HECORP OF INPUT DATA)

CALL DATE (IDATE)
CALL TIME (ITIME)
CALL IPAG3Q 

C
C .... DETERMINE OUTWARD-DIRECTED NORMALS AND 
c .... TRANSFORM TO UVW-COQRDIWATES

CALL UIRC3D
C
C .... COMPUTE BODY-BODY INTERACTION TERMS

CALL GB3D 
DO 80 1=1, MFACES 

60 GBDlAG(I)s'GB(I,I)
C
C .... ROTATE BODY TO REQUIRED DIP ANGLES
c .... RECOMPUTE OUTWARD-DIRECTED NORMALS

CALL DIRC30 
90 CONTINUE

C
C ..*. ADJUST BODY TO REQUIRED DEPTHS 

ZQsDEPTH(l)
C
C «... COMPUTE BODY-IMAGE INTERACTION
c .... ASSEMBLE OFF-DIAGONAL MATRIX

CALL GI3D (ZO)
DO 100 I=i,NFAC£S
GIOIAG(I)=G(I,I)
DO 100 Jsl,f4FACES
IF CJ.SQ.I) GO TO 100
GCI»J)=c;BCt,J)+G(I,J) 

2068 FORHATC2X, « ROW « ',15)
100 CONTINUE 

C
C .... ADJUST Y-COQRDINATE FOR REQUIRED PROFILES 

CHECKS. FALSE,
Dfj 1000 IY = 1|MYV 
YOsYVAii(IY)

C
C .... COMPUTE RECEIVER FUNCTIONS AT VARIOUS
c .... POSITION'S ALOrlG THE TRAVERSE
C**#*FOR HOLE TO SURFA'CE ARRAYS ONLY****

IFCAR.GE.S.) GO TO 1003 
1002 co'n'i.iub'

IR 1   1 
IR2=IFIXCTL/P5)
DO 200 IX=IRl,IR2+i

CALL H3D CXP,YU,ZQ,IDH) 
6020 FORMAT12X, I5/3E12.6)

DO 200 I si, SPACES 
200 HH(IXrI)=H(I) 

C
- , GO TO 1001 

C***CO*1PUTE RECEIVER FU^CTIHNS AT VAKIOUS POINTS (AT PS SPACING)
c ALONG THe; KECEJVEU BOREHOLE, (FOR HULE-TD-HQLS: ARRAYS ONLY)
1.003 CONTINUE

IiU = 51



= IFlX(r!D/PS)
DO 201 IX=IR1,IR2
2PsPS*FLDAT(IX)
ZPP=ZG+ZP
CALL H3I)(XPD,YPD,ZPP,IDH)
DO 202 I5 s l,rfFAC£S 

202 Hi(I5)=H(I5) '
ZPP=ZQ-ZP
CALL H3D(XPD,YPD,ZP?,IDH)
DO 201 Isl,VFACES 

201 HH(IX,I)=HCI) +H1CI) 
1001 Cnu'TIinJS

-   ADJUST TO REQUIRED REFLECTION COEFFICIENTS
DO 10CO I4sl,N"KV
IF (CHECK, AMD.NKV.EQ.n GO TO 400
AK=AKVAL(I4)
BK.= 0.5*(l,Q-AK*AiO
AKI=1,0/A<
AKISQ=AKI*AKI

DIAGONAL MATRIX
DO 300 

300 G(I,I): 
C
C ...- DECOMPOSE MATRIX INTO UPPER AMD 
* ..., TRIANGULAR FACTORS

CALL DECJM? 
C

CHECK=.Trt'JE, 
400

Cr»
w

C
C ADJUST COURDl-^TEb OF DOWNHOLS ELECTRODE

ZPT=0,0
XDsXDHwh'C 1 )
YDsYDOWM(l)
IF(AK.GE t 2 t .AND.AR.LE.4.) GO TO 82
1F(AR,EQ,6.) GO TO 33
IFcAR.EQ.7) GO TO «4
IS2=1
ZDAsZDOWN(l)

XDDDsXD 
GO TO 8 

82 IS2=1 
ZI3A50.0

TO B8

ZOA=U,0
GO TU 68

84 I32 = IH2-I~IXU 
88 CONTIf,1 U£

CALL N PAG 30 C DIP , ZO , YO , AK , IPLOT , I N
DO 1000 1ft 31, IS 2
IP (*K.^.2,.A;JD.AP. t LE,4.) GO TO 96
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*IF(AK,GE,6,) GO TO 93 
91 IF 
93 Z[)

ZDBsZDA+1.0
GH TO 956

C COMPUTE 5 AND T FUNCTIONS FOR SURFACE ELECTRODE 
96 CALL F3D(XODD,YQ,ZO,0,ZnA)

CALL SOLVR(F,S)
DO 969 Isl,N'FACBS 

969 D(I)=o(I)*A*I$Q*GeorAG(T.)
CALL SOLVED,!)
DO 962 Ial,iJFACES
SS(I)sSU) 

962 TTCI)sT(I)
IFCAP.NE.4) GO TO 963

CALL F3D(XO,YD,ZO,0,Zne)
CALL SOLVE (F,S)
DO 959 Isi,NFACES . 

959 0(I)=S(I )*AKlSL«*GBQIAG(I)
CALL 30LVE(D,T)
GO TO 945 

C********* ******
C COMPUTE S AND T FUPCTICNS FOR DQWNHOLE ELECTRODES 

966 CALL F30CXD,YD,ZQ,i,'ZDA)
CALL SQLVS(F,S)
DO 971 Isl^-iFACSS 

971 D(l)=5(I)*AKISo*GaoiAG(t)
CALL SQLVK(D,T)
DO 967 I=1,^FACHS
53(1)85(1) 

967 TT(X)=T(I)
963 CALL F3D ( XD, YD, 20, 1 ,ZDP )

CALL SOLVK(FiS)
DO

5002 fO 
5001
964

CALL SOLVE CD,T)
945 CONTINUE 

C
C .-  COMPETE AND OUTPUT PROFILES FOR THE VARIOUS 
C .»»»« ARRAYS

621 FURMAT(4C2X,E12.S)) 
166=16
CALL ARAY3D C AK , BK f IDH, XPD , YPP , XQ , YD, ZD, ZD A, ZOB, 166) 
ZPTcl.O

looo CQi-rm-ai^
CALL OUTPUT C IDN, JPLOT, XPD , YPD, XDf YD t ZD t ZD A, ZDB ) 

C
STOP
E'ND 

C
C . 
C 
C

E 3EAD3D 53



C THIS SUBROUTINE CALLS '30DY3D TO CALCULATE THE COORDINATES OF THE
c APICES OF THE poLYTr;r>Kon R*:p?.ese"TiMG THE ARBITRARILY SHAPED BODY,
C IT THEN ASSEMBLES THE INDIVIDUAL TRIANGULAR FACETS IN A LOGICAL
C OKDEH,SO THAT THE OUTWARP-niRECTED NORMALS TO EACH FACE CAN BE
C DETERMINED (SEE SUBROUTINE D1RC3D),
C
C THE POLYHEDRON' 1-iUST HAVE A TOP AND A BOTTOM APEX. OTHER APICES
C MUST BE RVgKLY DISTRIBUTED AROUND CONTOURS OF CONSTANT Z,
c EACH CONTOUR MUST HAVE THE SAME MJMBSR OF APICES, OFFSET APICES
C OH ADJACENT CONTOURS TO OBTAIN MORE EQUILATERAL FACETS,
C
C INPUT -. ................ ............
C   KC = KUMBEfc OF CONTOURS,
C fcV = NUMBER OF APICES PE* CONTOUR.
6* ZT,VZ,ZE- x Z-COOHDINATES OF TOP, SUCCESSIVE CONTOURS, A^'D
C BOTTOM.
C XT,YT = XY-COOKDUATSS OF TOP APEX.
c vx,vy s: XY.cnoKuii^THS OF CONTOUR APICES, INPUT THESE
C CLOCKWISE (PLAN-VIE*) AROUND EACH CONTOUR IN
C DESCENDING ORDER, STARTING OM£ POINT FURTHER
C- CLOCKWISE ON' SUCCESSIVE CONTOURS,
C X8,YB * XY-COOKQINATES OF BOTTOM .APEX.
C
C ««»».»«,.«., w .« wc,T t BARNF:TT»-«--APRIL 1972---------------
C
C**#**#MODIFIED BY JlfFf DANIELS jjj'^AY 1976 ******
C

COMMON /BLOK1/ XF ( 75 , 3) , YF( 75 , 3 ) , ZF ( 75 , 3 ) 
ON /3LOK« / VX C i 2 , 12) , VY C 1 2, .1 2 ) , VZ Cl 2 )

/BLOK12/ MC/HV
/ISPRCS/ Un^IH

MO.\f /POLY / iMFACES

CALL BUDY3D

DO 1022 ls2,(NC-H)
VZ(I-1)--V7,ZCI)
Z»sVZZ(KC+2)
i$r=.t
XTsVX-Ui) 
YTaVYYCl)
DO 100 I=1,MC 
DO 100 Jal^'V

VX(I/J)aVXXcTST) 
100 VY(I/ J)aVYY(IST) 

lSTslST+1 
Xrt=VXX(IS'n 
YfJaVYYCISl) 

C

DO 101 Jsl,MV
KTlsKTltl
Jl^J+l
IF (vJl.GT.MV) Jisl
XFCJ, l)syx(l/ J) 54
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C PARAMETERS, AMD A DESCRIPTION OF THE BODY FOLLOWED BY A PRINT-OUT
C OF ThK BODY COORDINATES.
C
C
C -«        ....C.T.BARrfETT..... APRIL 1972       «      --
C

COMMON /BLOKB / VX (1 2 , 1 2 ), V'f ( 1 2 , 1 2 ) , VZ ( 1 2 )
COMMON /BLOK9 / XT, YT, ZT, XB, Yl-, ZB
COMMON /BLQK12/ fJC,?'-V
CCWON /DATI -IF/ LABFLU6),lDATfc:(2),ITIHE,N'PAGKS f IP AGE
CCM«ON /JS9ECS/ IM , ITJ2, jOUTl , ICJUT2 , IQUT3
CGMtfDP? VPAHAtf / IARHAY(7),AKVAL(7),D£*-TH(7),ANGlE(8),YVAkC8), 

& NARttf fT" " "~ " " ~ """ "
COMMON /POLY / NFACES 

C
WRITE (IQUT2/12)
WRITt (IQl T T2rl3)
WfclTE CIOUT2rl5)
WRITE Clonf2,16) 

  WRITS (IQUT2,20)

WRITE CIUUT2,22)
WRITE CIOUT2/23) ZTiXTiYT
DO 100 Ial,:iC
WRITE CIOUT2,24) (I, VZ CI)/(VXCI,J),VYCI,J),JsJ,2))
WRITE(IQUT2,25)(VX(I,J),VY(I,J) , J=3,4)
WRITE(iaUT2,32)(VX(I,J),VYCi,J),J=5,7)
WRITE(101112/32) CVX(I,J),VY(I,J), Js8, 10)ioo - ---  -- - - -  --- - ---

IF
WRITE (IQ!.'T3,27) IDATE, IT IMF. 
WRITE (IQUT3i2S) NPAGES, f.KACES
WRITE ciDur3,29) LABEL
w»ITH (IOUT3,30) NC/Nv
WHITE; ciouT3^3i) ZT, (YZCI)*ISI,KC)*ZB
WRITE .(IOUT3,31) XT/YT 
DO 200 Isl,?«C

200 '"HUTE CIOUT3^31) (VX(I, J)iVY(I, J),Jri/NV 
WRITE (IQUT3,31) XB/YB

12 FHSMAT (l.Hi,//,5X, «3-PIMKN'SlONAL I? AND RESISTIVITY rtnDELJjING PROG 
&HA.M'i//5x, 'DAT?'' '2A5, lUX,JTII^j < , A 5 ,1 OX,.-' P.AGSr- ',-13, ! OF' ,14)

13 FDJU.AT (//,5X, 'I^PU'i1 COP'TWOL PARAMETERS: I ,/}
15 FOR.-1AT (5X,»KVALU' ,3X,7(FS,5*2X))
16 FORMAT (5X,'DEPTH' ,5X,7(F8,2,2X))
20 FORMAT (5X, «EX.£C'J' )
21 FORMAT C///,5X,'OrsCRXpTlON OF KQDEL:»,4X,4A5,/30X,4A5,/30X,4A5,

22 KHRfiAT C//,20X, 'Z-COORDiNATE'/SX, ' (X,Y)«COORDlNATES IN PAIRS
£«.o»«»»« H .«! //)

23 FOKiiAT (5X, iTOPi , 1 3X,F1 0 . 7 , 6X. F 10 .7, IX,^10,7)
24 FOR?: AT (5X, ? CONTOUR' ,T2,7X,FlO,7,4X,2C2X f F-10,7,lX,FiO,7))
25 FORMAT (35X|2(2X,F10.7,1X,F10,7))
26 FOR/AT (SX, 'POTIGr-il ,10X,FlU,7,7X,F10,7/U,?10.7)
27 FORMAT C3AS)
28 FOKMAT (5X,2I5)
29 FOR;'AT C16A5)
30 FHR.-.AT (2 1 10)
31 FORMAT (8F10.7)
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32 FORMAT (2X,3(2X,F1 0,7, IX, Ft 0,7))

RETURN 
EHD

SUBROUTINE DIKC3D

GIVEN THE COORDINATES (X,Y,Z) OF THE THREE VERTICES OF EACH
TFIANGU-LAR FACE IN TURN, oiRc3n FINDS THE DIRECTION
OF THE FQMjQwtN'G ORTHOGONAL "MT VECTORS?
1), * OUTWARD-DIRECTED 'JQRMAL TO THe.* FACE (PN'X,
2),   VKCTOR JOINING VERTEX i TH VERTEX 3 (DLX, DLY* DLZ-)
3), - VECTOR MAKING up A RIGHT-HANDED TRIAD WITH ON* AND DL.

200

DIRC3D THEM COMPUTES THE COORDINATES (U,V,tf) OF THE THREE VERTICES 
AFTER TRANSFORMATION TO A SYSTEM WITH AXES DEFINED S? THESE THREE 
SETTS CF DIRECTION COSINES. NOTE THAT V3sVi AND W3s'^2 = Wl t

DIRC3D ALSO COMPUTES THP: XYZ COQRnlNATES OF THE CENTRE OF GRAVITY
(XM,Yr-i,ZM) OF EACH TRIANGULAR

WFACES = WO, OF FACES

APRIL 1972

/bLOKl / XF(75, 3 ) , YF ( 75 , 3 ) , ZF ( 7S , 3 )
/6LOK2 / XMC75),YfK75)/Z"(75X
/BLOK3 / DLXC75),OLY(75),DLZC75),D^X(75)

COMMON
COHMUN

1 = 1

/BLOK4 
/BLOK5 
/POLY

/ DNX C 75 ) , DNY C 75 ) , DMZ C 75 )
/ Ul (75) ,U2 (75 ) , U3 (75) , VI (75) , V2(75)
/ NFACK3

l (75)

XlsXFCI,!)

Y2=YFCX,2)

Z2=ZF(I,2) 
Z3=ZFCI,3)

UX»X3-X1
UYsY3*Yl 
UZSZ3-Z1 
HX=X2-X1 
HY»Y2-Y1 
HZ=Z2-Z1 
WXsUY*HZ-HY«.iJZ

W W c 1 , 0 / S « R T ( W X 4 W X + '.v Y * v: Y 4- VN Z * W Z )
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4 ô '
.

C
rt

3> >D n tr
j

co o
rj b  

CA
 

f-<
 
O

 C
i 

CK
c<

 s
: 

T
I 

re
 

c:
 

c.
 o

 
v*»

 
rt;

n
«r

")
 

"-
r*

 
(~

*
v
^
 

<
.£

,, 
^
^
,

t«
i 

F/
l P

I 
o

 
c
:

  
:?.

 
o
 

4-3
o

 3
; 

.";
 

n
ft

j 
0
*
0
 

'*£
'.

"x.
 c

? 
c
 

n
K-

J 
M

; 
1^

3
»
 

iT
 

C
l

C
 

'V
i 

tr
:

T
J 

i-
J 

U
J

3r
 

«-
3 

O
»-

3 
C1

1] 
!X

S
Z 

GO
 

C1
!

jv
 

|v
j

»
H

DC
 
O

 
"X

O
 

IT
S 

H
C

3 
T3

 
K

»<
 

iT
i 

5U
 
 

7
" 

>
>

o»
 o

 o
H

*O
 

"X
/ 

*
  <

o
 c

: 
o

(/>
 

%
J 

^2
;

M
 n

»-
3 

t~
" 

*-
3

H
 

>
^
 i
 

iT
l

O
, 

' 
>

7
..V

. 
C

 
"2

1
Z

'i 
C

/l
SL

*

» 
K

 a
:

PO
 r

e 
rn

« 
f*

3 
»^

|

  
TO

 t
rf

Q
 

iT
S

»r
J 

O
 

iT
.

IX
 

 *-
<

IT
; 

i;
O

 
1*

1
CM

 m
 w

cr
. 
o
 ^

53
 

:s
 t

n
 TJ

 
rr

] 
c
i

j>
 

<_
i 

>_
3

O
 

13
 
M

p
 j 

v<
 

 <
;

t'-
l

0
 
>

5C
 

* ?
 

T
!

O
 
>

H
I 

0
"2?

 !
t' 

r*
j

P
J
 
X

 
0

2

P
3

O O

t^
l 

*3
C 

H
 

V
H

 
C

"^
 

1^C
 

J*
*»

 
3E

 
*"

t 
i*C

 
d
* 

<
^ 

<C
H 

tr
jj 

'Q
^J

 
I^

J 
i^

J 
^J

jJ 
C!

]|7
 
^
! 

\^
|J

 
C

x 
£

2
 

C
3^

 C
5 

C
J 

t^
 

C
^ 

i^
) 

C
3 

C
I3

 
C

se
: 

tn
 

^
 i

i 
s.

 x
 s

 
»-*

 M
 »

-* 
us

 N
> 
^
 

IK
 a

 j
s. 

a
 
z
 .

r 
tr

1 
tr

 r
* 

.-2
 :

?; 
>: 

ir
1 

cr
1 
c

1 
^
 z

 z
 

c:
t2

 
V

/ 
 u

j'^
^
i-
j 

»-
/ 

vw
 

i*
j 

^2
i 

CM
 *

 %
 >

K 
JN

 
*%

 
(X

 r
1* 

%
xs

 
^
!
5
^
J
u
j2

E
j

flj

:J2
 

» 
ii 

u 
M 

M 
ii 

ii 
ii 

11 
n 

*~
s 
 
 ' *

-/ 
«-<

 ^
 <

-* 
^
 ̂

 ̂
 

c
 c

? 
c
 >

~ 
c:

 
c:

 
:;.

 
s:

 
.-£

 
o

tr
1 

*~
» 

<^
» 

 *
"*

 
O

 
O

 
O

 
C

> 
L»

 
V-

- 
II
 

11
 

It
 

I)
 

11
 

JJ
 

11
 

11
 

II
 

fc
 

^e
* 

tl
i 

Cs
! 
K

 
X

 
t^

 
^*

J 
X

 
\

r«
i 

M
 »

< 
x
 

-*.
 3

.' 
^-,

 t
r 

c-
 r

r 
a

 o
 iq

, 
o

 a
 o

 ^
 o

 o
 

x
 N

 K
 *

*
*
.
*
*
*
 

&
m

 
h.

,^
 

j-
^
 

4 
r 

S
rff

 
*w

 
s<

* 
*T

M*
 

*w
 

*w
 

*>
 

""
> 

" 
 *

 
r^

 
' +

*" 
"«

** 
 

i^
^
 

r*
**

 
t1"

* 
i«

-«
 

k«
4 

u
-*

 
i"

**
 

r~
~ 

r~
~ 

*t
' 

v
 
^
 

<
^

^
 

* 
^
^
 

*
^
^
 

I^
N

 
i^

^«
 

r*
N

 
«

^*
x 

»
^%

 
r'
N

 
**

-i
 

 
 
 

  
* 

  , 
»

 k
 

- 
-*

* 
 -

>
- 

 
W

 
W

 
(L

 
r
^
 

r 
" 

«
r^

 
V

«
* 

U
_
4
 

*W
«

 
-fc

~,
 

*
-*

 
«

L
. 

J
O

*
*^

,»
 

_ 
  

i 
.A

. 
^
.A

 
* 

> 
1
^,

1
 

) 
. 

> 
* 

| _
 | 

«
^
«

 
i^

J
 

fc
k
^ 

js
/j
 

.
^
 

^
^
 

K
A

 
fc

.,
^ 

*
^
^
 

||
( 

>
J[

 
-^

r 
/"

*"
* 

f*
*
 

f
"
f
 

H
^*

 
-y

~
 

«
i~

 
*^

r-
l

i-
jr
i 

tf
s.

-*
 

j^
/*

 
-V

^
 

 *
- 

A
 

-A
- 

^
 

dW
1 

A
; 

i«
^
 

.y
- 
-j
 

* 
  

L,
_4

 
t 
^
 

a
*
 

» 
,^

 
t_

j 
-
j
 

r
-
 *

 
r 
-n

 
.  
-
   

. 
.j
: 

"*
J 

i/
N

 
r"

V
»
 

**
 +

 
-
^
 

-^
p-

 
^
 

-^
F

 
T

^
 
^
 

»
^
»

 
 
 
 

»
^
^
 

r*
T

 
T

^
 
r
^
 

«
^
^
 
r
^
 

r^
^
 

^
i
 

v
^
 

*
^
/ 

*"
*3

> 
 

M
 t

o 
M

 
x
 x

 x
 x

 x
 x

 
ET

 c
- 

r*
 

^
o

 
-
f-

f-
*
-
*
-

k
iM

i-
*u

ij
o
* 

 
K

X
C

<
: 

c;
H

I 
IN

 
<-

< 
>

' 
-*

- 
-t

- 
-»

- 
4-

 
-»

- 
-4

- 
y-

< 
»H

 
w

 
;K

£
/i 

(A
> 

«>
J 

t*
' 

C
J
O

O
r
i-
O

tl
x
 

I
I
I
 

XI
1

v_>
 

«»>
 <w

-> 
"^y

 
,£

 ^
;K 

.2,
 t

"1 
ir
 t

r1 
o

 o
 o

 
c;

X
(
jj
c
*
»
-
«
jK

K
K

K
K

 
J
T

'J
T

't
r'
 

X
£
T

i 
O

O
O

W
H

M
M

i
H

i
M

 
X

 
t>

1
 

 <
 <

 
-*

 
O

 
 
 
 
i
j
t
;
*
^
^
*
*
 

^ 
v
-i
v
-<

>
-s

 
C

Ij
J
 
t»

i 
t*J

> 
iw

j 
ir^

J 
>-

< 
i-
<

 
)-<

^ 
f<

J 
ifr

: 
+

 
^t

 
i-«

i
*-

3 
O

J 
O

ui
 

t*
J 

*-
* 

W
 *

-*
  

l*
>

 
K

) 
t-

* 
C

 
O

 
O

 
^

O
 

U
» 

O
J 

fjU
 

-4
- 

 *
  

 !
  

»
  

+
  

+
  

^
 

'.r
l 

S
* 

^
lU

J
U

iO
J
O

O
O

O
O

O
 

»
^
X

IS
3

 
«-

C
to

 
i«

j 
t»

> 
LIL

» 
'?

" 
.-j

. 
,_

' 
^
r 

£~
* 

C"
1 

.' 
 < 

s~
» 

w
 

 * 
O

O
^
A

x
y
U

J
lS

J
t^

J
C

O
IN

C
S

lt
^
 

C
T

O
t
A

'U
>

lA
'^

-
^
t
-
<

I
-
^
^
 
 <

M
iH

 
t4

U
J
U

>
C

U
^
iK

^
X

^
<

c
^
 

i*
t

IS
J 

iS
J 

(N
 

N
t 

(M
 

C^
J 

C
T

*-
»
 

K
O

 »
-  

 
U

^ 
K

>
 »

-*
 

£s
l

*
   



C .....     '    .-   C.T.BARNETT-.-  APRIL 1972   »--          

C
COMMON /BLOX2 / Xtf (75 ) , YH ( 75 ) , ZM ( 75 ) 
COMMON /bLOK3 / DLX C 75 ) , t)LY ( 75 ) , DLZ ( 75 ) , DM* C 75 ) t 

&D'-1Y(75),DMZ(75)
COMMON /BLQK4 / DMX ( 75 ) , D«Y C 75 ) , \WZ C 75 )
COMMON /BLJKS / U1C75),U2C75),U3C7S),V1(75) / V2 (75) , Wl (75) 
COMMON /BLOK13/ Ge(75,75)
COMMON /6P*X1 / P«,QB*RBftl*RlSul,Gl.G2fHl/H2 
COMMQW /POL.Y / NFACES 
 EXTERNAL FX1 
DATA T^OPI /b.2831925/

500 CONTINUE 
DLXJ=DLX(J) 
DLYJ=DLYCJ)
OLZJsDt-Z(J)
DMXJsPMX(J)
DMYJ=DfoY(J)
DMZJsDMZ(J)
DNXJsDNX(J)
DNYJ=DNY(J)
DNZJsiDNZ(J)
UlJsUHJ)
U2J«U2(J)\
U3JaU3(J)
VlJsVl(J)
V2J=V2(J)

400 CONTINUE
IF (I«E«.J) GO TO 250
CGXI=XM(I)
CGYIsYM(I)
CGZI=ZM(I)
D.N'XIs ON'X(I)
DNYIa OP-'Y(I)
DNZI= DN'Z(I)

Q3sDNXl#D M X J tDfv YI *DM Y J tD'.M Zl *O^Z J

U. s
V s
W B

PlsUU-lT 
P2aU2J-U 
P3stJ3J»U 
Q1»V1J-V
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**1 .5)

IP (ABS(GBAPS).GT.O, IK-02) GO TO 300- 
GR(I,J)=GBAPK 
GO TO 200 

C
300 CONTINUE

C
CALL GAUS1Q C FXi , 02, 01 , G6 ( I , J) ) 
GO TO 2'6d- 

C
250 GPtlflJsTWOPI 

C
200 I-l + i

IF (I, LEAFAGES) GO TO 400 
100 JsJ+I

IF CJ.LE.NFACES) GO TO 500
RETURrJ
END

n
w

C
n
U

C . 
SUBROUTINE GI3D (DEPTH)

C
C GI3D COMPUTES THE INTERACTION TERMS BETWEEN" FACES OF THE BOO'/
c A*D FACES OF its IJ-IA.CP:.. THESE; OKPEJ^D OH THE BODY GEOMETRY AND ON
C TH£ BODY'S ATTITUDE AND POSITION W.R.T, THE SUH^ACE, THEY ARE
c INDF.FENDENT' OF THE SOURCE POSITION,
c
C PULSE-TYPE BASIS FUNCTIONS ARE USF-D. 
C
C &v APPHoxi.vu.Te VALUS (GIAPR) is FIRST CALCULATED, IF THE ABSOLUTE 
c VALUE OF THIS is GREATER THAN o.ooi, THEN THE EXACT VALUE is
C CALCULATED USl^G A 10-P'^I^T GAUSs-^^GENDKE INTEGRATION FORMULA,

C SUBROUTINE GAJ-iS-iO A'iD EAT-ER^Ab FUNCTION FXi ARB REQUIRED.
C-
C NFACES = NO, OF FACFS
C DEPTH s DEPTH TO CEMHK OF B.UDY COURDINATE SYSTEM.
C
C m-mmmmmm»mmmmmmC f T , B A P N ETT . . . «   APRIL i 9 7 2 *-    « » « - o ««..« * 

C

COMMON /3LOK2 / X^« (75 ) , YM (75) , 7/-i(75 )
Ur-? /BLOK3 / DLX(75)iDLY(75) f DLZ ( 75 ) , Of -X(75 ) /

/ L'l(75),U2(75),a3(75),Vl(75),V2C75)iWl(75)
CC.vv.ON" /P.LOK15/ GI(75,75)
CON^ON /bFXl / PH,QB,RBP.l,PiSQ,Gi*G2,HiiH2
COMMO ? ' XPCLY X NFACES
EXTERNAL FXI

D2»2.0*OFP1H '



500 CONTINUE
ULXJs ULX(J) 
DLYJ= DLYCJ) 
DLZJs-PLZ(J) 
DfcXJs DMX(J) 

a DMYCJ)

DMXJ = DNXCJ) 
DN5fJ = DM'Y(J) 
DNZJs-DN'ZCJ)

U3JaU3CJ) 
VlJ-Vi(J)

1 = 1 
400 COMI/-JUE

CGXIsXH(I)

CGZI»ZH(I)+D2 
DNXIc DwXCD 
DKYI= DWYCI) 
DKZIss DK'ZCD

QjaVlJ-V

*1 ,5) 
IF (ABS(GIAPH) .GT.o.lE-02) GO TH 300

GG TO 200 
C

300 CONTINUE

Gl=(P2-Pl)*OQi

C
CALL GAUS1.0 ( FXi f 02 , 01 , 01 ( I , J ) }

C
61



200 lsl+l
IF (I.i/t.JJFACEo) GO TU 400 

100 J=J+1
IF (J.LK.NFACES) GO TO 500
KE1UKN
END 

C 
C 
C 
C

SUBROUTINE; HSD CXQ,YO,ZQ,IDH) 
c
C H3D COMPUTES THE H RLFMgNT FOR EACH FACE OF THE POLYHEDRON
c FOR A PARTICULAR RECEIVER POSITION (POTENTIAL ELECTRODE),
r»

C PULSfc>TYPE BASIS FUNCTIONS ARE USED,c  
C AN APPROXIMATE VALU*: IS FIRST CALCULATED (HAPR), IF THE ABSOLUTE
c VALUE UF THIS is GREATER THAN 0,02, THE* THE EXACT VALUE is
C CALCULATED USl^C A iO-POIf'T GAUSS-LEGENDRE INTEGRATION FORMULA,
C
C SlfBRQUTK.K GAUSiO AHp EXTERNAL FUNCTION FX2 ARE REQUIRED,
C N FACES = NO, OF FACES
C C-XOr-YOf *Zn) ARK THE COORDINATES OF THE POTENTIAL ELECTKGDE
C ^»R.T, THK CENTRE OF BODY COORDINATE SYSTEM,
C
C .»     ̂-  »..., .. -C.T, 8 ARlMETT    -.APRIL 1 972      --«»-.     -
C
C**#MODIFieD P,Y JEPF DANIELS :: i976*******#**#*

COMMON /3I.OK3 / DLXC75),DLYC75),DLZC75),DMX(75)/ 
&DKYC75), 0^-2(75)
COMMON /3LOK4 / D^X C 75 ) , ON 'Y ( 75 ) , DNZ C 75 )
CCMtfCf' /BLOK5 / Uir75),U2(75),U3C75),VH75),V2C75) f WlC75)
CO^MP^ /8LOK17/ H(75)
COMMON /8FX2 / RlSGiG^G2»Hll*H2
COMMON' /FGLY / MFACES
EXTERNAL FX2 

400 CONTINUE 
C

XQsXO
YOsYO
Z.Os^-0
1*1

300 CONTINUE :' 
U sXO*DLX(I)+YO*DIrY(I)+ZO*DLZ(I) 
V =XO*l.).''x ( 1 ) 4-y0^i) ?-1y ( I ) +?,0*DMZ ( I )

P3»U3(I)«U

a ( ^ 1 + (,- 7 4-0 n ̂0 , 3 3 3 3 3 3 3 3

H A p R R A K -p ' A / S Q H T ( p ,-. ' «  F ? ' + (} M  » t.4 /  ' + H 1 S Q )
IF (A^i5(KAPR),,fiT,0,2E-on GO TO 200
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HCDsHAPR
GO TU 100 

C
200 CONTINUE

=i, 0/CQ2-G1)

G2=(P2-P3j*QUi
Hll=(Pl*02-3«2
H2 = (P3*"2-$C32) 

C
CALL GA-US10 (FX2,Q1,Q2,H(I)) 

C
100 1=1+1

IF (I.LE.NFACES) GO TO 300
RETURN

C 
C

SUBROUTINE F3D (XQ,YO,ZO, IDFL,ZD) 
C
C F3D COMPUTES THE F ELEMENT (SOURCF FUNCTION) FOR EACH FACE OF 
C THE POLYHEDRON FOR A PARTICULAR SOURCE POSITION (CURRENT
C ELECTRODE) 0« THE SURFACE, 
*
V-

C fcFACES = NO. OF FACES
C (-Xa»-Y0,-Z0) ARE THE COORDINATES OF THE CURRENT ELECTRODE
C W,K,T, THE CEfri'TRE DF BOOi' COORDINATE Si'STEM,
C
C .           ... .-C.T.BARfc'ETT. . . APRIL 1972--     -- --       
C***r=QDIFIc:D BY JEFF DANIELS j 8 1976*******
C

COMMON /8LOK2 / XM ( 75 ) , YH ( 75 ) , ZM ( 75 )
COMMQhf /BLOK4 / DNXC 75 ) , D ? JY C 75 ) , DNZ C 75 )
COMMOM /HLOK7 / F(75)
COfiMOW /POLY / NFACES
DIMENSION F1C75) 

C
XOs-XO
YOs-YO
ZO = ZO.
Hal
DI«2,0

400 1=1
200 CCUITI^UE

XI=XMCI)+XO 
YIsYKCD+YQ

IF ( IDFL , En , I . AND . I I , EO . t ) Z I =ZI -ZO 
IFClrFL.EO.l.AND.TI.NE. l)ZIsZI*7,D 
F(1)=-C'I*(XI*IJNX(I)+YI*DMY(I)+ZI*D 

& /( (XI *XltYI*YI +21*21 )#*! ,5) 
C

100 Icl+l
IF(I f LE.NFACES) GO TO 200 
IF(IF;FL.t:'J.O) ^0 TO 7 00 
IFCIT.tid.O} GO TO 500 . ,
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FAC5=PB*FAC4
C

FXjs(FACl*FAC2-FAC5)/(FAC4*SQRTCFAC2*FAC2+FAC4)) 
i »(FAC1*FAC3-FAC5)/CFAC4*SQRTCFAC3«FAC3+FAC4))

C
RETURN
END
FUNCTION FX2 (0) 

C
c FXa is THE FUNCTION EXTERNAL TO HSD, WHICH is CALLED BY SUBROUTINE
C GAUS10 TO COMPUTE THE EXACT VALUE OF THE H ELEMENT.
C
C »....»»..».....C t T.BARNt KTT--»--'APRIL 1 972**  -- -    « ---
C

CQMHOH /BFX2 / RlSQ,Gl,G2,Hi,H2

c
FX2=ALQGC(FAC2+SQRTcFAC2*FAC2+FAC4))/(FAC3fSeRT(FAC3*FAC3tFAC4)))

C
RETURM 
END

C 
C- 
C
c
c
c .
c
c
c
c

S U 8 R U U TIK £ D E C 0 M P 
C,
C THIS SUBROUTINE USES GAUSSIAN ELIMINATION' KITH PARTIAL PIVQTIKG 
C- TQ DECOMPOSE A SU'ARE MATPlX INTO UPPER AND LO*'£R TRIANGULAR 
C FAC TU"5* AS A FIRST STEP TO SOLVING A SYSTEM OF LINEA* EQUATIONS, 
C~
C- KEFEKENCfi «* FORSYTHE,G,, A^f D MOLER,C,B., 1967, COMPUTER SOLUTION 
C OF LINEAR ALGEBRAIC SYSTEMS; PRENTICE-HALL* P, 68*70.
C
C As ThK .MATRIX TO RE DECOHPOSED (NOTE: IN CQHF.OH HERE),
C- N s NO, OF ROWS IN THE MATRIX (ALSO IN COKMO-V HERE),
C
c IF A SINGULAR MATRIX is tSKccur-'TERFin, ERROR MESSAGES ARE PRINTED
C OUT, AND THFJ PKOGRA-/ IS EXITED.
C DEVICE SPECIFICATIONS -I OUTPUT (ERROR MESSAGES) - loUTl
C
c -.-. .-«« «C,T.^ARNI:TT-...*APRIL 1972..-.-.---.-«---
c

COMMON /BLOK15/ A(75,75)
': /DSCSOL/ I°SC75)fUL(75*75)

I J fl,T.r;2,InUTl,InUT2 / IoUT3

ION SCALES(7SJ . c
OJ



c
C INITIALIZE UL,JPS AND 

DO 102 Isl,rr

ROW NH MS 0,0 
DO 101 J=l,?>> 
ULCI, J)=A(I, J)

IF (TEST.GT.RGWNRfl) ROWffRMaTEST 
101 CONTINUE

C
C BOX 1 -  CHECK FUR SINGULARITY

IF (ROWWRM.LT.0.1E-30) GO TO 301 
C

SCALES (I ) = 1 , 0 /ROWN'RM
102 CONTINUE 

c
C GAUSSIAN ELIMINATION WITH PARTIAL PIVOTING 

MfilsN"!
DO 106 Kal,KMl 
BIG=0,0 
DO 103 IsK,K

IF (SIZE.LS.BIG) GO TO 103
BIGsSIZE
IDXFIV=I

103 CG?vri ?r ue

BOX 2 »- CHECK FOR SINGULARITY 

IF (BIG.LT.o.IE-30) GO TO 302

IF CIDXPIV.EQ.K) GO TO 104 
JalPSCK)
IPSCK)sIPS(lDXPiV) 
IP5(IOXPIV)=J 

104 KP=IP3(K)

DO 105 IsKPlrW 
IPalPS(I)
E^a-ULCIP,K)*APIVQT 
ULClP/K)c«EH 

. DO 105 J=KP1,W
ULCIP/ JJeULClP, J) + EK*irLCKP» JD

105 CONTINUE
106 CONTIiiUF:

C
C BOX 3 «. CHECK FOR SINGULARITY

KPcIPS(K)
IF (ABSCUL(KP/N)).LT t O i lE-30) GO TO 303 

C
RETUKM 

C
C OH, PRINT CRHOH MESSAGL'5 AND EXIT 

301 IRDX=1
GO TU 304 66



302 IBOXa?
GO TO 304

303 1BQX=3
304 WRITE CIQUT1,12) IBDX
12 FORMAT UH1,.//,5X, 'SINGULAR tfATP.IX DETECTED IN SUBROUTINE DECOMP- A 

&T BOX' ,I2,//, 5X, fPHOGhAM DISCONTINUED. «) 
CALL EXIT 
END

c
c
c
c
c
c
ncc  
c
c
c
c
c
c
c
c
c

s

T

UBRQUTINE
 

HIS
AFTER
TRIA*

SOLVE (

SUBROUTI
THEIR

SULAR
M

FA

REFERENCE -

b,X)

NE SOLVES
&TRIX
CTORS

HAS
CSP:E

FORSYTKE, G
OF LINEAR

N
B
X

s
c
s

NO,
THE
THE

OF ROWS
CONSTANT
SOLUTION

-»C.T

A SET
BEEfJ
S

  i

OF
DECO

US ROUT I

AN

LINEAR SIMULTANEOUS EQUATIONS
MPOSED INTO UPPER AND LOV.'SH
ME DECO.^P) ,

D ^OLER,C,B., 1967, COMPUTER SOLUTION
ALG2BPAIC

IN; THE

SYSTEMS? PREMTICK-HALL^ P. 68-70,

MATRIX
VECTOR
VECTOR

COMMON /DECSHL/ IPSc75) f Ul,(75,75)
COMMON /POLI' / ti
DIH£«\SIO« 8(75)/X(75) 

C
NP1=«+1 

C
IPsIPS(l) 
X(1)SB(IP) 
DO 2 1=2, N

SUMsO.O
DO 1 J=1,IMJ

2- X.(I)sB(XP)
c

IPsIP5(N) 
X(rO=X(«)/UL.(IP,N)
DO 4 !BACK=2i^ 
IsNPl-IBACK

SUM=0«0
DO 3 JalPl,M

3 Sl/M = SUM + IJLClPf J)*X( J)

C
RETURN
END - 6 7



SUBROUTINE NPAG30 C DIP , 20, YO , AK, IP.UOT, INDEX)
C 
C 
C
C
C
C
C
C
C
C
C

THIS SUBROUTINE PRINTS GUT THE HEADING INFORMATION ON PAGES 
SUBSEQUENT T,0 PAGE 1 (SEE SUBROUTINE IPAG3Q FOR PAGE 1 DETAILS),

DIP
ZO
YO
AK

"*"

= DIP ANGLE TO V-'HICH BODY HAS BEEN ROTATED.
a DEPTH 10 ORIGIN OF BODY COORDINATE SYSTEM,
s Y-COQRblNATE OF PROFILE ACROSS BODY,
s THE. REFLECTION COEFFICIENT,

/ISPECS/ IN1,I?? 2,IQUT1,IOUT2,IOUT3
/DATIME/ LA&EL ( 1 6 ) , IDATE ( 2 ) , ITIME , N'PAGSS, rPA

WRITE (IQUT2,U)
11 FORMAT C1K1,///5X, t3-DP''£NSlONAL J? AMD RESISTIVITY MODELLING PROG 

SRA-Mi ,//5x, 'DATE; »2A5, 1QX, 'TlHEs ! ,A5) 
WRITE CIOUT2/12) LABEL

12 FORMAT c///,5x, «DP:SCRIPTION OF MODEL: ' ,4x,4A5,/3ox,4A5,/3oxi4A5;
S/BOX^AS)
WRITS (IOUT2,!3) AK,ZO

13 FORMAT (//,5X, (REFLECTION COEFF, X. a i ,F8 . 5, /5X, » DEPTH ~f f F8 e 2, 
&//)

nw
C

RETURN
END 

/û
C 
C
C

C 
C 
C

SUBROUTINE ARAY3D £ AK, } ;'K t IDH, XPD , YPD, XD, Yn, ZD, ZDA , ZDB, 16 ) 
C
c THIS SUBROUTINE. COMPUTES THE RESPONSE TO THE VARIOUS 4-ELEcTRooe

C ARRAYS,
c_
C NFACES = NO. OF FACES TO THE" POLYHEDHPW
C BK s FUNCTION1 OF THF, REFLECTION COEFFICIENT R^aUlRED I'O COMPUT
C   THE IP R£SPOKSF
C XD,YO,ZD=SOUKCE ELECTRODES
C XPD,Y?D= RECEIVER ELECTRODES
C MsUPPSR PECFilVLR KLECTHCDE
C NsLO'AER. RECEIVER ELECTRCDK
C AsUPPSR SOURCE ELECTRODE
C B = LO>,-r;R SOURCE ELECTRODE
n

ELS, ,FER,

4/ HH(55,75),SS(75),TT(75) f SC75),T(75) 
CQMHOM /POLY / NFACES
CflMMu/i/RESULT/ APRESC50) , AplP(?0) ,AK#l-S f 1R2 

PHECISIOM DSUM, PTUM,RA,RT

68
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GO TO 94 
93 X2=0,0 

Y2=0,0 
ZMsFLOATCNSPAHZDB

ISlsIFlX(ZM/PS) 
IS2=1S1 

94 DO 105 I=IS1,IS2
IFCAp.GE.G) GO TO 96

95 CONTINUE
IF(AK.ME,7) GO TO 96
X2=0,Q
Y2~Q,0

96 CONTINUE

GO TO 64

64 CONTINUE
RAsDBLfiCl, /AM) -DBLECl./S^1 ) -DBLECl./AN) ^DBLE ( i .

so.OD 00 
DTUVsO.OD 00 
IF(AR t B.:Q,6) II sib

DO 130 JsUN'F&CSS
D5UM = P5u^4-OBLE ( SS C J ) -S (^ D ) *08L£ ( HH ( 1 1 , J ) -HH ( ( 1 1 +K ) , J ) } 

130 DTUMsDTUM+DBLE(TTCJ).T(J))*DBLE(HH(Il, J) .HH C ( H+K) , J)) 
IFCAR.KQ.a.OR.AR.E'i.S) GO TO 107 
APRES(I6)s 1.0 +DSt»i-',/(H

GO' TO 105 
107 APPE& ( I ) s 1 , tDSU- / ( RA + RT )

Aplp ( J ) a ( 1 , - AK.*A K ) *DTUM/ ( 2 , * C RA + RT ) ) / A?p Eg C I) 
. 105 CONTINUE 

100 CONTINUE
RETURN' 

C

C
C
c

5UBPOUTINE OUTPUT C IDH , IFLOT r XPD, YPD , XD , YD, ZO, ZDA, ZDB) 
C 
C 
C *«.»..«.»... w -...^«-C.T t ^AR^ETT».*

r;IFlr:p 8V Jfc.P"F DANIELS? 1 975

70



ON' /ISPECS/ lMl,lN2,IOUTl,ini/T2,inUT3
ON /RESULT/ APPESCSO) ,APiP(50),AR,PS,iR2,NSPA,zpT 

c
12 FORMAT (4E15..8) 

C 
C 
C 
C THIS SECTION OUTPUTS RESULTS FROM THE DO^HOLE CONFIGURATION
C

KsIFIX(J ./PS)
IFUR.EQ.l.) GO TO 100
IFCAR.F.Q.2.) GO TO 200
IFCAH,£Q.3.) GG TO 300
IFCAK.EG.4.) GO in 400
IFCAK.EQ.5,) GO TO 500
IFCAR.EG.6.) GO TO 600
IFCAH.EQ.7.) GO TO 700

C HOLE-BIPQLE SOURCE, SURFACE BIPOLE RECEIVER 
- 100 WRITE. (IOUT2, 101)

WRITE(ICU72,102) %DA, ZDK , XD , YD
WRITE(ICU72,106)YPD
WRITECIOUT2, 103)
DO 104 IX~1,CIK2-K)
XPa-ll - 0+FLOAT(lX)*P5 

104 WRITECIOUr2,105) XP, APHES ( IX) , API? C IX)
GO TO 1000

C BURIED PULE SOURCE-, SURFACE BIPOLE RECEIVER 
C*#*****#****« *#*##*** 

200 WRITECIOJT2|201)
WRITECIOUT2, 102) ZDA, ZD8, XD, YD
WR1TE(IOUT2,1C6) YpP
WRITE(IOUT2,103)
DO 204 IXal, CIR2-K)

,-
204 WRITE ( IOUT2 * 1 05 ) XP, APHES C IX ),APIPC IX) 

GO TO 1000

C BURIED POLE SOURCE, BURIED BlPULE RECEIVER

300 WHITE CIOUT2,301)
WRITE(inUT2, 102)ZUA, ZHB, XP, YD
WRITE(IOUT2,302) XPD^YPD
WRITE(10UT2,303)
DO 304 IX=L, CIR2-K)
ZP=0,5tFLnAT(lX)*FS 

304 *RITEUOUT2,105) ZP, APRES ( IX) , APIP ( IX)
GO TO 10 00

C SURFACE POLE SOUPCK, PURIED BIPOLF

400 WRITE C10UT2, 401)
WRITE(ICUT2,603) XD,Yn 
WRITBXIGUT2, 302) XP!.», YPD

DO 505 IX~i, CIH2-K)

50 S> WKITK(I r.M.FT2, 1053 7^ t APRES ClX) , APIP C IX) 
GO TO 1000



c* **************
C BURIED B1PQI-E FIXED SOURCE, BURIED EIPQLrE RECEIVER 
C **#**####******

500 WRITE(IGUT2,501)
WRITE (IGUT2, '102) ZDA, ZD3, XD, YD
WRITE(IOUT2,302)XPD,YPD
WRITE(IOUT2,303)
DO 504 IX»1, CIP2-1)
ZP=0.5+FLOAT(IX)*PS 

504 v/FUTE(IObT2,105) ZP, AFRES(IX) , APIP(IX)
GO TU 1000 

C********* ******
C BURIED BIPOLE MOVING SOURCE, 8URIED PIPOLE RECEIVER 
C***************

bOO WRITE(IOUT2,601)
WRITE(IOUT2,603)XD,YD
WRITECIOUT2,302) XPD,YPD
VJRITE:CIOUT2,303)
DO 602 10=1, (IH2-K)
ZP=0.5+FLQATCIQ)*PS 

602 WRITKCIGUT2,105) ZP, APRES( IG) , APIP ( IQ)
GO TO 1000 

C* **************
c SINGLE HOLE: BIPOLE-BIPOLE CONFIGURATION
c ******* ********

700 WRITc:ClCUT2,701)
WRITE(IOUT2,7C3) XD,YD 
WRIT£(IOUT2,303)

DO 702 13=1, IPP1

702 WPITE(IQUT2f 105) ZP,APRKS(IQ), APIP (IQ) 
1000 CD^Tl^UE
105 FDR f 'AT(?X f F8.3,2(2X,E12.6)) 
101 FUR^AT(2X,30( «*' ),/,2X, 'B'.'F.IED BIPQLE SOURCE* SURFACE

&BIPOLE RECEIVER' ,/,30( »*'),/). 
201 FORMAT(2X,30C»*»),/,2X, 'BURIED POLS SOURCE* SURFACE

&BJpoL ?: RECEIVER' ,/, 30f !*» ),/) 
301 FORFAT(2X,30C '*' ),/,2X, 'BURIED POLE SOURCE, BURIED BIPOLE

liRECElVER' ,/,30( '*'),/) 
401 FORf*AT(2X f 3()C«*« )*/*2X, iSnRFACK POLE SOURCE, BURIED BIPOLE

& RECEIVER' ,/,30( '*«},/)  
5"01 Ft)H'--A-7C2X,3X)C''* f )»/*2Xf ? SURIED' BIPOLE FTXtTCT S'0\JKCtr, &URIED

&BIPOLF, RECEIVER' ,/*30( f *' ),/) 
6"01 FORMAT(2X, 30( »*«)*/, 2X, 'BURIED BIpQLE MOVl'NG SflURCK, BURIED

&RECEIVERI ,/,3G( '*'),/) 
701 FGRMATC2X,30( «*«),/, 2X, ' SIMGLE HOLK » BlPOT,,E-biPOLE «, /, 30 («*'),/) 
102 FORr-< AT(2X, lUPPEK SOURCES « , F 1 0 . 3 , / , 2X ,   LU*! RR SOURCE= i , F10 , 3 ,

&/,2X, 'X-SUUKCE=» .K10.3,/,2X, » Y-SQ[jKCE= ' , FlO.3,/) 
106 FOpMAT(2x, ' y«FH n P"'ILK= ' ,F10.3,/) 
103 FORM AT <2X, 'X-PECF,IVr:K« , tf t » APPARENT' . 5X, ' APPARENT' f />2*r

& ' POSITION ' ,4X, 'KESIrtTIVI'lYt ,2X, I PULARIZABI LlTY ' , /)
302 FURiMA'f (2X, ' X-KKCEI VKK= ' ,F10.3,/,2X, ' Y-RECEI VERa ' f Fl0.3,/)
303 FORv>ATC5X, « RECKiVSR' ,2Xi f AppAKEMT ' *5X, 'APPARENT' ,/,5X, 'DEPTH 1 ;

&6X, 'RESISTIVITY' ,2X, » POL AH. I Z ABILITY' ,/)
603 FOR:'''A T (2X, f X«Sl)i?KCEs ' ,FlO t 3,/,2X r ' Y»{50UKCE=' /F10.3,/) 
703 FOh"AT(2X, ! X-PC'SITI"N OF HOLE=   , F10 , 3 , /, 2X, ' Y- 

fcPGSmUW DF HOLP; B »,FlO t 3*/) 
RETURN 
END 72
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IFCICA.EQ.O) KG = 3
IFCICA.GT.O) KG = 2
DO 23 K£=1,MMM+LL
IC=IC+i
VXCIOsVXCMMM + ICA-KS + KG

23 CONTINUE 
ICA=IC

24 IFCMM.EQ.l.OR.MM.EQ, (NC+1)) MyQsMMP+1 
21 CONTINUE - 

30 CONTINUE
NVsCIC-2)/CNOl)
NClsflC-1

VXAC1)=VXC1)

16=2
DO 700 14=1, NC1
IQSI4-H

DO 800 17=1, 1ST 
VXSCI7)=VX(l6tI7-i) 

800 VYSCI7)=VY(I6+I7-1) 
DO 600 !5=IQNV

600 I6
DO 900 19=1, 1ST 
VXACI6)=VXS(I9)

900
700

VXA(IC)=VX(IC) 
YYA(IC)=VYCIC) 
WRITE ( 1 5 , 2 U 1 ) ( Z ( I L ) , IL= 1 f 5 )

201 FORMATC2(2 
6 KOR!'ATC3F) 

RETURN 
END

74


